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ADVANCED  AERONAUTICAL  CONCEPTS 


TTTBSDAT.  JXJLT  16.  1974 

U.S.  SklTATE, 

Committee  ox  AEEONAtrriCAL  and  Spacb  Sciences, 

Wmhington,  D.C. 

The  committee  met,  pursuant  to  notice,  at  9 :36  a.m.,  in  room  235, 
Russell  Senate  Office  Building,  Senator  Frank  E.  Moss  (chairman) 
presiding. 

Present:  Senators  Moss,  Metzenbaum,  Goldwater,  and  Bartlett. 

Also  present:  Robert  F.  Allnutt,  staff  director;  Craig  M.  Peterson, 
chief  clerk/counsel;  James  J.  Gehrig,  Glen  P.  Wilson,  Craig  Voor- 
hees,  Jerry  Staub,  and  Gil  Keyes,  professional  staff  memters;  Mary 
Rita  Robbins,  clerical  assistant;  Charles  Lombard,  minority  counsel 
and  Aime  Kalland,  minority  clerical  assistant. 

OFEKIira  STATEHEirr  B7  THE  CHAIBMAH 

The  Chairman.  The  hearing  will  come  to  order. 

As  we  begin  this  morning.  I  want  to  take  just  a  minute  to  acknowl¬ 
edge  something  that  is  very  much  on  all  our  minds.  This  is  U.S.  Space 
Week.  Five  years  ago,  ju^  about  at  this  same  time,  Neil  Armstrong, 
Buzz  Aldrin,  and  Mike  Collins  lifted  off  from  the  Cape  on  the  his¬ 
toric  flight  of  Apollo  11. 

Although  we  are  here  today  to  talk  about  aeronautics,  and  although 
we  will  be  having  a  number  of  observances  of  this  fifth  anniversary 
this  week,  I  wanted  to  take  just  a  moment  to  note  our  respect  for 
the  thousands  of  men  and  women  who  gave  so  much  for  all  mankind. 

«.<■  1  •  _ _  A._ _ 1 _ 


on  advanced  aeronautical  concepte. 

Aviation  plays  an  exceedingly  important  role  in  the  affairs  of  our 
country.  It  is  one  of  our  lars^  industries  imd  larwst  employers. 
In  all  of  its  aspects,  it  is  one  oil  our  most  technically  advanced  indw- 
tries;  as  a  consequence,  the  United  States  enjoys  a  very  substantial 
favorable  balance  of  trade  in  aerospace  products.  Without  objection 
there  will  be  included  at  an  appropriate  point  in  the  record  the  table 
from  page  103  of  Aerospace  Industries’  Aerospace  Facts  and  Figures 
for  1974/75,  showing  the  balance  of  trade  for  the  years  1960  through 

1973.  (See  p.  2.)  .  ,  .  .  x- 

Aviation  systems  play  a  major  role  in  transportation,  moving  pro- 
pie  and  cargo  around  the  country  and  between  countries,  and  predic¬ 
tions  indicate  manifold  increases  by  the  end  of  the  century. 

(1) 


For  some  years  now,  the  United  States  has  been  the  undiluted 
world  leader  in  aeronautical  technology  and  systems.  We  enjoyed 
this  position  because  our  Government,  our  universities,  and  our  in¬ 
dustry  pressed  the  technology  and  have  been  innovative  in  the  pro¬ 
duction  and  marketing  of  aeronautical  products.  To  retain  a  InnAing 
position  in  the  future  will  likewise  depend  on  our  technology  and  on 
the  iiinovation  of  our  Government,  universities  and  industry  leaders 
in  using  this  technology  to  meet  the  needs  of  the  people. 

The  purpose  of  these  hearings  is  to  examine  what  the  aeronautical 
R.  &  p.  community  is  thinking  about  for  the  future.  We  are  inter¬ 
ested  in  those  things  that  might  possibly  provide  a  quantum  jump 
in  aeronautical  technology  and  systems.  We  do  not  intend  to  review 
what  is  under  development  now,  but  rather,  what  our  leading  aviation 
experts  can  predict  for  the  future. 

Today,  we  will  hear  from  Government  witnesses — from  the  Na¬ 
tional  Aeronautics  and  Space  Administration,  from  the  Department 
of  the  Navy,  the  Department  of  the  Air  Force,  and  the  Department 
of  Transportation. 

On  Thursday,  we  will  hear  from  the  Department  of  the  Army  and 
from  witness  outside  the  Government  on  lighter-than-air  vehicles, 
on  new  engines  and  new  vehicles,  and  from  a  recognized  leader  in 
the  field  of  aviation  safety. 

[The  table  follows:] 

[RtprltiM  from  Aoretpteo  IndiMtrlot'  Faeti  imi  Flturoi  (or  1974-7SI 
TOTAL  AND  AEROSPACE  BALANCE  OF  TRADE,  CALENDAR  YEARS  1960  TD  DATE 
[Millions  of  MItrsI 

_  ..  Aorospoco  Aontpaco  trodo 

ToW  U.S. - - -  bslineo  os  ponont 

Yoor  trodo  Monco  ■  TradoMooco  Exports  Imports  of  uA  total 
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The  Chaikmak.  Before  we  call  our  first  witness,  who  will  be  Dr. 
Fletcher,  Administrator  of  NASA,  I  would  like  to  turn  to  my  col¬ 
league,  Senator  Goldwater,  and  ask  him  if  he  has  any  comments  or 
opening  statement. 
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Senator  Goldwater.  Thank  you,  Mr,  Chairman.  I  certainly  concur 
with  your  thoughts  about  National  Space  Week.  I  hope  it  will  serve 
as  a  reminder  to  our  fellow  Americans  of  the  many  benefits  that  have 
come  from  space  programs. 

We  have  a  vital  interest  in  maintaining  a  high  level  of  research 
and  development  in  our  country  and  there  seems  to  be  no  doubt  that 
there  is  a  relationship  between  R.  &  D.  spending  and  improved  tech¬ 
nology  and  higher  productivity. 

Part  of  the  process  lies  in  stimulating  innovation.  Innovation  can 
only  occur  when  the  windows  are  open  and  fresh  air  can  come  in. 
And  I  hope  these  hearings  will  help  to  ke^  the  windows  open. 

The  Chairacan.  Thank  you  very  much,  Senator,  We  look  forward 
to  hearing  from  the  witnesses  we  have  today  and  as  I  indicated,  our 
first  witness  will  be  Dr.  Fletcher,  the  Administrator  of  NASA. 

Dr.  Fletcher,  you  and  your  associates  may  proceed  at  this  point. 

[Biographies  of  Dr.  James  C.  Fletcher,  General  Bruce  Holloway, 
Mr.  J.  Lloyd  Jones  and  Mr.  Gerald  G.  Kayten  follow:] 

Biogeapht  or  James  Cripman  Fietches,  NASA  Admimistbatob 

Dr.  James  C.  Fletcher  was  sworn  in  as  Administrator  of  the  National  Aero- 
naatlcs  and  Space  Administration  in  a  White  House  ceremony  in  the  President’s 
office  on  April  27, 1971. 

President  Nixon  announced  Dr.  Fletcher’s  nomination  as  NASA  Administrator 
on  Feb.  27,  1971  and  the  appointment  was  confirmed  by  the  U.S.  Senate  on 
March  11, 1971. 

Dr.  Fletcher  became  President  of  the  University  of  Utah  in  1964  after  two 
decades  of  leadership  In  industry,  government  and  military  activities. 

He  was  born  June  6,  1919  in  Mlllbum,  New  Jersey,  attended  high  school  in 
Flushing,  New  York  and  graduated  from  Bayside  High  School,  Bayslde,  New 
York.  He  received  a  B.A.  degree  in  physics  with  a  minor  in  mathematics  from 
Colombia  University  in  1940. 

After  graduation.  Dr.  Iletcher  served  as  a  research  physicist  with  the  U.S. 
Navy  Bureau  of  Ordance,  at  Port  Townsend,  Washington,  studying  the  problems 
of  degaussing  ships  as  protection  against  magnetic  mines. 

In  1941  he  became  a  special  research  associate  at  the  Cruft  laboratory  of 
Harvard  University.  He  went  to  Princeton  University  In  1942  sis  a  teaching 
fellow  and  later  was  an  Instructor  and  research  physicist. 

At  the  end  of  World  War  II,  he  began  work  on  a  doctorate  In  physics  at  the 
California  Institute  of  Technology  under  a  teaching  asslstantship  and  an  Bast- 
man  Kodak  Fellowship.  After  receiving  his  Hi.  D.  degree  In  1948,  Dr.  Fletcher 
joined  Hughes  Aircraft  Co.,  Culver  City,  California,  as  director  of  the  'l^eory 
and  Analysis  lAiboratory  in  the  Electronics  Division.  Six  years  later  this 
division — Instrumental  in  developing  the  Falcon  alr-to-air  missile  and  the  F-102 
all-weather  Interceptor — had  grown  from  120  to  25,600  employees.  “ 

In  1964,  Dr.  Fletcher  Joined  the  Kamo-Wooldrldge  Corp.  as  an  Associate 
Director  and  soon  became  Director  of  Electronics  In  the  Onided  Missile  Re¬ 
search  Division.  Later  the  Guided  Missile  Division  became  Space  Technology 
Laboratories,  a  subsidiary  of  Ramo-Wooldrldge,  with  technical  responsibility 
for  all  United  States  intercontinental  ballistic  missiles  (Atlas,  ’Titan  and  Min- 
uteman),  as  well  as  the  Thor  Intermediate  range  ballistic  missile,  xhe  labora¬ 
tories  also  Initiated  Pioneer  4,  the  nation’s  first  space  probe. 

In  July  1958,  Dr.  Fletcher  organized  and  was  first  president  of  the  Space 
Electronics  Corp.,  at  Glendale,  California,  with  his  as.soclate,  Frank  W.  Lehan. 

Space  Electronics  Corp.  developed  and  produced  the  Able  Star  stage  of  the 
Thor-Able  space  carrier  and  had  grown  to  300  employees  by  1960  when  con¬ 
trolling  Interest  was  sold  to  Aerojet  General  Corp. 

A  year  later.  Space  Electronics  Corp.  was  merged  vidth  the  spacecraft  division 
of  Aerojet  to  form  the  Space  General  Corp.  Dr.  Fletcher  was  responsible  for 
the  formation  of  this  new  corporation  and  was  its  first  president.  He  later  be¬ 
came  Chairman  of  the  Board  of  Space  General  and  Systems  Vice  President  of 
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Aerojet  General  Corp.  He  aerved  in  this  dual  capacity  until  July  1,  19M  when 
be  resigned  to  become  tbe  eighth  president  ot  the  University  of  Utah. 

In  his  career  as  a  research  scientist,  Or.  Fletcher  develop^  patents  in  areas 
«a  diverse  as  sonar  devices  and  missile  guidance  systems.  He  continues  his  in¬ 
terest  in  science  through  national  committee  work,  having  served  on  more  than 
50  national  committees  and  as  c^lrman  of  10. 

In  March  1867,  Or.  Fletcher,  after  serving  as  a  consultant  since  its  Inception 
in  1968,  was  appointed  by  President  Johnson  to  membership  on  the  President's 
Science  Advisory  Committee,  on  which  he  served  for  several  years. 

He  was  a  member  of  tbe  President’s  Committee  on  the  National  Medal  of 
Science;  and  of  several  Presidential  Task  Forces,  the  most  recent  being  tbe 
Task  Force  on  Higher  Education. 

He  is  a  Fellow  of  the  Institute  of  Electrical  and  Electronics  Engineers,  an 
Associate  Fellow  of  the  American  Institute  of  Aeronautics  and  Astronautics 
and  a  member  of  the  Board  of  Trustees  of  the  Theodore  von  Karman  Memorial 
Foundation.  He  is  a  FeUow  of  the  American  Academy  of  Arts  and  Sciences  and 
of  the  American  Astronautical  Society,  a  member  of  the  Cosmos  Club  and  a 
member  of  the  Board  of  Governors  of  the  National  Space  Club. 

He  received  the  first  Distinguished  Alumni  Award  to  be  given  by  California 
Institute  of  Technology  and  an  Honorary  Doctor  of  Science  Degree  from  the 
University  of  Utah.  Dr.  Fletcher  served  higher  education  as  a  member  of  the 
Executive  Committee  of  the  National  Association  of  State  Universities  and 
Land  Grant  Colleges. 

He  is  the  fourth  man  to  head  the  nation’s  civilian  space  agency  which  came 
into  being  October  1,  1668.  The  first  Administrator  was  Dr.  T.  Keith  Glennan, 
then  president  of  Case  Institute  of  Technology,  Cleveland.  He  was  succeeded  in 
1961  by  Mr.  James  E.  Webb,  a  former  Director  of  the  Bureau  of  the  Budget 
and  Under  Secretary  of  State,  who  served  until  1968.  Dr.  Fletcher’s  immediate 
predecessor  was  Dr.  Thomas  O.  Paine,  who  resigned  September  16,  1970,  to  re¬ 
turn  to  the  General  Electric  Company  after  heading  NASA  since  October  1668. 

Dr.  Fletcher  is  married  to  the  former  Fay  Lee  of  Brigham  City,  Utah,  and 
they  are  the  parents  of  four  children,  three  ^rls  and  a  boy :  Virginia  Lee,  Mary 
Susan,  James  Stephen  and  Barbara  Jo.  The  Fletchers  reside  at  7721  Falstaff 
Road,  McLean,  Virginia. 


Biookapby  of  Bbcce  K.  Hoi-towaT,  Gerkbai:,,  USAF  (Ret.),  ABBistAitT  Admik- 
ISTRATOX  FOB  DOD  ABD  INTEKAQEKOT  ArFAIB8,  AOTIKO  ASSOCIATE  ADHIinB- 
TBATOB  FOB  AEBOBAUTICS  AED  SPACE  TeCHEOIOOT 

Bruce  K.  Holloway,  General,  USAF  (Ret.)  was  named  Assistant  Administra¬ 
tor  for  DOD  Interagency  Affairs  on  March  16,  1874.  He  also  serves  as  Acting 
Associate  Administrator  for  Aeronautics  and  Space  Technology. 

Holloway,  former  Commander  of  the  Strategic  Air  Command,  had  been  ap¬ 
pointed  a  Special  Assistant  to  tbe  Administrator,  September  10,  1973.  He  Join^ 
NASA  as  a  consultant  to  the  Administrator  on  August  13, 1973. 

Holloway  graduated  from  the  United  States  Military  Academy  lit  1937  and 
did  postgraduate  work  in  aeronautical  engineering  at  the  California  Institute 
of  Technology.  During  World  War  II  he  became  a  fighter  ace  as  a  pilot  with 
the  famed  “Flying  Tigers”  of  the  American  Volimteer  Group  in  China.  He  com¬ 
manded  this  unit  after  it  was  activated  as  the  Army  Air  Force’s  23rd  Fighter 
Group.  His  distinguished  career  has  included  assignments  as  Commander  of 
the  Mt  Force’s  first  jet-equipped  fighter  group.  Commander  of  the  United  States 
Air  Forces  in  Europe,  and  Air  Force  Vice  Chief  of  Staff.  His  decorations  Include 
the  Distinguished  Service  Medal  and  the  Silver  Star. 

Holloway  was  born  in  Knoxville.  Tennessee.  He  is  married  to  the  former 
Frances  Purdy  of  New  York  and  they  have  three  children. 


Biography  of  J.  Lloyd  Jones,  Deputy  Associate  Adminibtbatob  (Aebonau- 
Tics) .  Office  of  AEROSAimcs  and  Space  Technology 

J.  Lloyd  Jones  is  Deputy  Associate  Administrator  (Aeronautics),  Office  of 
Aeronautics  and  Space  'Technology.  NASA  Headquarters.  Washington,  D.C.  He 
has  held  the  position  since  17  June  1974. 

In  this  position,  Jones  Is  directly  responsible  for  aeronautical  research  and 
technology  Including  aerodynamic.s  and  vehicle  systems,  aeronautical  propulsion, 
aeronautical  operating  systems,  military  aircraft  programs,  transport  technology, 
and  the  JT8D  Refan  Program. 
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Prior  to  tbis  assignment,  Jones  was  Director,  Aerodynamics  and  Vebicle  Sys¬ 
tems  Division,  a  position  held  since  1972.  Earlier  positions  within  NASA,  all  at 
Ames  Research  Center,  Include :  Search  Assistant  to  the  Director,  1970-1872 ; 
Chief,  Aeronautics  Division,  196S-1970;  Chief,  Vehicle  Aerodynamics  Branch, 
1962-1965 ;  and  Chief,  8  by  7  Foot  Supersonic  Wind  Tunnel  Branch,  1964-1962. 

Jones  graduated  from  the  University  of  Washington  in  1944  with  a  B.S.  in 
Aeronautical  Engineering  and  received  an  M.8.  in  Engineering  Science  from 
Stanford  in  1952. 

Jones,  who  holds  a  patent  on  a  supersonic  transport  aircraft  concept,  has 
written  a  number  of  technical  papers  in  aerodynamics  and  6uid  mechanics,  and 
is  an  internationally  recognised  authority  on  wind  tunnel  design  and  operation. 

He  is  an  associate  fellow  of  the  American  Institute  of  Aeronautics  and  Astro- 
nantlcs. 

Mr.  Jones  and  his  wife,  Kathleen,  have  four  children  and  reside  in  Annandale, 
Virginia. 


Bioobapkt  or  Oebald  O.  Kattkr 

Oerald  O.  Kayten  is  Director  of  the  OAST  Study  and  Analaysls  Office  in 
NASA  Headquarters.  Prior  to  this  assignment  he  directed  the  Transport  Ex¬ 
perimental  Programs  Office.  He  Joined  NASA  in  1968  after  18  years  with  the 
Martin  Marietta  Corporation  in  Baltimore,  where  he  served  as  Chief  Aerody¬ 
namics  Engineer,  Chief  of  Preliminary  Design,  and  Advanced  Design  program 
manager.  In  earlier  Government  service,  he  spent  9  years  as  Head  of  the  Flying 
Qualities  and  Flight  Test  Branch,  U.S.  Navy  Dept.  Bureau  of  Aeronautics,  and 
6  years  in  stability  and  control  research  at  NACA’s  Langley  laboratories. 

Mr.  Kayten  was  bom  in  New  York,  N.Y.  and  is  a  graduate  of  New  York 
University’s  College  of  Engineering.  He  is  an  Associate  Fellow  of  the  American 
Institute  of  Aeronautics  and  Astronautics. 

STATEMENT  OF  OE.  JAMES  C.  FLETCHEB,  AEMINISTEATOB,  NASA, 

ACCOMPANIED  BY  J.  LLOYD  JONES,  DEPUTY  ASSOCIATE  ADMINIS- 

TKATOB,  NASA;  AND  CEBALD  0.  KAYTEN,  DIBECTOB,  STUDY  AND 

ANALYSIS  OFFICE,  NASA 

Dr.  Fij:tcher.  Mr.  Chairman.  Senator  Goldwater,  I  would  like  to 
first  introduce  the  two  gentlemen  appearing  with  me  this  morning. 
To  my  right,  Mr.  Lloyd  Jones  who  has  recently  assumed  the  duties  of 
Deputy  Associate  Administrator  for  Aeronautics  in  the  OflSce  of 
Aeronautics  and  Space  Technology.  On  my  left  Mr.  Gerald  Kayten. 
who  is  the  Director  of  the  Office  of  Study  and  Analysis.  Office  of 
Aeronautics  and  Space  Technology. 

Gen.  Bruce  Holloway,  our  Acting  Associate  Administrator  for 
Aeronautics  and  Space  Technolog>%  intended  to  deliver  a  brief  intro¬ 
ductory  statement  here  this  morning.  Unfortunately,  he  is  unable  to 
testify  for  he  is  acting  as  an  honorary  pallbearer  at  the  funeral  of 
Gen.  Carl  Spaatz,  whom  you  will  remember  was  the  first  Chief  of 
Staff  of  the  Air  Force.  In  his  absence  I  would  like  to  offer  his  state¬ 
ment  for  the  record  and  at  the  end  read  two  brief  excerpts  from  it 
at  the  conclusion  of  my  remarks. 

The  Chairman.  Without  objection  that  may  be  done.  It  will  be 
included.  (See  p.  33.) 

Dr.  Fijetcher.  I  am  always  pleased  to  appear  before  this  committee 
but  especially  so  in  a  meeting  like  this  one.  We  are  here  today  not 
to  discuss  our  budget,  our  needs,  or  our  problems,  but  rather  to  share 
with  you  a  glimpse  into  the  future  of  aeronautics — a  subject  of  par¬ 
ticular  interest  to  me. 

Since  my  arrival  at  XASA  in  1971  our  aeronautics  effort,  measured 
in  terms  of  accomplishment  as  well  as  research  expenditures  and  peo- 
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pie,  has  increased  steadily.  I  would  like  to  be  able  to  report  an  even 
greater  increase,  but  I  realize,  as  you  do,  that  our  resources  are  not 
unlimited  and  our  planning  is  necessarily  influenced  by  priority  needs 
in  many  areas.  Nevertheless,  I  believe  we  have  a  healthy  aeronautical 
research  program  in  being  and  I  fully  expect  to  see  it  grow  even 
more  so. 

Any  discussion  of  advanced  aeronautical  concepts  requires  that  we 
project  well  out  into  the  future.  Our  confidence  in  such  projections 
depends  largely  on  how  solid  a  base  we  use  as  our  starting  point — 
and  how  well  we  have  performed  in  the  past.  In  this  regard  I  believe 
NASA,  and  NACA  before  it,  can  point  to  a  fairly  impressive  track 
record.  The  research  conducted  in  our  laboratories  and  flight  facilities, 
in  close  cooperation  with  military  services  and  aeronautical  industry, 
has  led  to  a  succession  of  advances  spanning  all  but  the  very  earliest 
history  of  flight  These  include  early  NACA  accomplishments ;  for  ex¬ 
ample,  airplane  drag  reduction ;  the  development  of  a  family  of  air¬ 
foil  sections  used  in  generations  of  successral  military  and  civil  air¬ 
plane  designs ;  a  series  of  effective  high-lift  devices  essential  to  high- 
performance  transport  and  combat  airplane  design ;  the  establishment 
of  a  data  base  for  high-speed  airplane  design  resulting  from  the 
“X-airplane”  series  of  research  programs  covering  swept  wings,  low- 
aspect-ratio  design,  delta  wings,  and  variable  sweep;  and,  more  re¬ 
cently  the  so-called  “area  rule”  which  made  sustained  flight  in  the 
transonic  speed  range  practical. 

Most  recently,  the  research  has  produced  the  supercritical  airfoil 
technologj’  which  is  now  beginning  to  influence  new  militai^  and 
civil  designs,  and  the  propulsive-lift  concepts  shortly  to  fly  in  the 
Air  Force  Advanced  Medium  STOL  Transport  prototype  program. 

NASA’s  aeronautical  programs  provide  the  essential  technology 
foundations,  and  contain  the  seeds  from  which  NASA,  the  military 
services,  and  the  industry  evolve  a  variety  of  advanced  concepts 
These  concepts  constitute  options  for  eventual  development.  Among 
them  are  several  which  will  greatly  alter  the  character  of  future 
aviation  systems,  but  at  this  time  it  is  virtually  impossible  to  predit 
which  will  actually  be  developed  and  produced.  This  will,  of  course, 
depend  on  the  demonstration  of  technical  feasibility,  but  it  will  de¬ 
pend  also  on  a  combination  of  economic,  social,  military,  and  political 
considerations  which  will  determine  the  willingness  and  ability  to 
finanace  the  particular  undertaking. 

Although  we  cannot  predict  with  confidence  where  the  advanced 
concepts  will  lead,  we  can  postulate  where  they  may  lead — and  we 
think  the  prospects  are  quite  exciting.  In  the  remainder  of  this  half 
hour  we  will  review  some  of  the  more  interesting  concepts  and  the 
uses  to  which  they  may  be  put.  Since  you  will  be  receiving  separate 
military  testimony,  we  will  place  most  of  our  emphasis  on  potential 
civil  applications.  Mr.  .Tones  will  cover  the  nearer  term  future,  in 
which  significant  improvements  in  the  familiar  forms  of  subsonic  air 
transportation  appear  possible.  Mr.  Kayten  will  address  the  more 
speculative  and  rarthe-r  out  future  possibilities.^  We  will  then  be 
pleased  to  answer  your  questions  or  to  provide  additional  information 
not  included  in  our  statements. 
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The  Chairman’.  Thank  you.  Mr.  Jones,  will  you  go  ahead? 

Mr.  Jones.  Mr.  Chairman,  Senator  Goldwater,  the  major  trends  in 
aviation  over  the  next  two  decades  will  be  influenced  strongly  by  com- 
mitments  already  made  by  the  aircraft  operators  and  by  teclmology 
developments  now  under  way.  These  developments,  particularly  those 
undertaken  in  res^nse  to  pressing  needs  such  as  energy  conservation 
and  environmentid  improvements,  will  lead  to  significant  changes  in 
the  relatively  near-term  future. 

Toward  the  end  of  the  century,  a  new  generation  of  civil  trans^rts 
will  be  in  operation.  Most  of  the  wide-body  jets  of  today  will  nave 
bSen  retolaoM  in  trunk-line  service,  and  a  greatly  expanded  Md  di¬ 
versified,  airline  market  will  be  ssrved.  Air  transportetion  will  con¬ 
tinue  to  be  economical,  environmentally  acceptable,  and  socially  bene¬ 
ficial.  Aircraft  engines,  which  constitute  only  a  minor  fa^r  in 
pollution,  will  become  even  cleaner.  Noise  impact  on  the  community 
will  be  drastically  reduced  from  that  of  past  and  present  jet  aircraft. 
Above  all,  the  aircraft  will  be  fuel-conservative,  an  essential  feature 
because  the  energy  shortage  and  fuel  costs  will  continue  to  be  issues 
of  great  importance. 

During  this  time  period,  advancements  are  expected  in  three  gen¬ 
eral  areas:  operations,  short-haul  and  special-purpose  aircraft,  and 
long-haul  transports. 

A  major  element  in  future  aeronautics,  which  contributes  to 
fuel  economy,  noise  reduction,  congestion  relief,  and  safety,  is  a  new 
approach  to  operations  (Sg.  1).  Some  of  the  techniques  include 
curved  approaches  reduced  separation  distances ;  fewer  holds  in  flight 
and  on  the  groimd;  and,  improved  allweather  operations.  In  later 


developments,  advanced  avionics  and  active  controls  will  permit 
routine  maneuvers  which  are  beyond  the  capability  of  an  unaided 
pilot,  especially  in  exploiting  the  unique  terminal-area  character¬ 
istics  of  STOL  and  VTOL  aircraft. 


Mu 


Future  transports^  (fig.  2)  will  te  configured  for  compatibility 
mth  improved  terminal-area  operations.  A  recent  study  has  identi¬ 
fied  conceptual^  features  which  include  drag  brakes  for  steeper 
approaches;  avionics  and  displays  for  precise,  efficient  control 
of  aircraft  movements,  high-capacity  lam&ig  gear  for  quick  run¬ 
way  turnoffs;  and  several  methods  of  vortex  control — for  example, 
outboard  nacelle  placement — effective  at  takeoff — ^and  especially 
scheduled  trailing-edge  flap  deflection  and  retractable  turoulence 
generators— both  effective  at  landing. 

Vortices  generated  by  the  wings  of  large  airplanes  are  a  significant 
factor  in  terminal-area  congestion.  At  present,  they  cause  us  to  space 
aircraft  landings  a  minimum  of  3-5  miles  apart  as  a  safety  precau¬ 
tion.  Dramatic  progress  is  being  made  toward  vortex  control  and 
dissipation,  and  we  are  confident  that  the  separations  required  for 
vortex  avoidance  can  be  reduced  to  1-2  miles.  Recent  smoke  tests  in 
the  ^nglej  vortex  test  facility  (fig.  3)  provide  a  visual  display  of 
trailing  vortices  both  with  and  without  vortex  dissipation  devices. 

As  approach  and  landing  procedures  become  more  precise  and 
tightly  scheduled,  corresponding  improvements  will  be  made  in  cock¬ 
pit  displays  (fig.  4)  and  automatic  landing  systems.  Augmentation 
of  the  pilot’s  available  information  and  rMuction  of  his  workload 
will  improve  both  energy  conservation,  and  safe^. 
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Short-haul  aircraft  will  be  particularly  benefited  by  ^rational 
improvements  because  they  spend  so  large  a  portion  of  their  time 
operating  in  the  terminal  area.  The  advanced  propulsive-lift  concepts 
being  pursued  for  short-haul  transports  will  provide  the  performance 
and  high  maneuverability  required  for  advanced  terminal  area  opera¬ 
tions.  This  capability  aim  permits  the  use  of  shorter  runways.  The 
combination  could  eliminate  costly  delays  and  fuel  waste,  and  con¬ 
tribute  to  improvement  in  overall  transport  qrstem  efBoiency.  Propul¬ 
sive-lift  concepts  are  currently  being  inco^rated  in  the  Air  Force 
(AMST)  prototype  designs  and  in  a  NASA  research  a^lane  (fi^. 
5).  Besttlts  of  ffignt  research  on  these  vehicles  will  provide  the  MSis 
for  design  decinons  on  future  military  and  civil  transports. 

Verti^  take-off  and  landing  aircraft  of  the  future  will  ombine 
vertical  ascent  and  descent  capability  with  more  efficient  horisontal 
fiight  than  is  possible  with  today’s  helicopters.  Apart  from  con¬ 
siderable  improvement  possible  in  the  helicopter  itself,  two  concepts 
appear  quite  promising  for  future  applicatimi — the  tilt-rotor  and 
the  lifb-ran. 

In  the  tilt-rotor  concept  (fig.  6)  the  aircraft  operates  as  a  wn- 
ventimial  helicopter  in  vertical  take-off  and  landing  but  attains  high- 
spMd  flight  on  wing  lift,  tilting  the  large  rotors  to  act  as  propellers. 
In  the  lift-fan  concept  (fig.  7)  gas  mnerators  are  used  to  drive  ver¬ 
tical-axis  fans  in  the  nose,  and  peraaps  a^  in  wing  tip  pods,  for 
STOL  and  VTOL  operation.  Horizontal-axis  fans  are  used  for  cruise 
thrust,  with  nozzles  to  divert  the  thrust  doimward  for  takeoff  and 
landing.  The  first  applications  of  VTOL  aircraft  will  probably  be 
military,  to  satisfy  a  number  of  advanced  tactical  and  logistic  mis- 
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sion  needs.  Civil  ap^liestione  may  provide  eflkaeat  and  rapid  aooem 
to  such  remote  locauons  as  off  shore  oil  rigs  and  wilderness  sites. 

The  next  generation  of  long-haul  tranjqports  must  be  dengned  for 
economical  operation  at  fuel  co^  predicted  to  be  more  than  three 
timM  the  pie-1978  level  They  will  use  only  two-thirds  to  one-half  as 
mu(^  fuel  per  available  seat  mile  as  the  aircraft  they  replace.  Current 
stupes  are  evaluating  the  fuel-saving  benefits  of  advanced  transport 
design  features  (fig.  8).  Designed  for  present-day  subsonic  cruise 
speMs,  the  aircraft  sketched  in  this  figure  combines  many  of  these 
features.  It  utilizes  supercritical  wing  iMhnolo^  to  reduce  both  drag 
and  weight  by  permitting  a  higher  aspect  ratio,  less  sweep  and  tluc^r 
airfoil  sections.  Composite  material  are  used  extensively,  providing 
a  significant  weight  reduction.  Active  controls,  fast  acti^  and  oom- 

K'er  coordinated,  will  allow  reductions  in  inherent  aerocknamic  sta- 
ty  and  in  loads  imposed  on  the  structure,  thereby  reducing  both 
weight  and  drag.  Small  winglets  (or  vortex  diffusers)  mounted  at 
the  wing  tips  rrauce  the  Uft-mducM  drag.  Removal  of  part  of  the 
boundary  layer  on  the  wing  and  tail  simaces  throu^  porous  or 
dotted  akina  maintains  extensive  regions  of  laminar  flow  with  a 
dramatic  skin-friction  drag  reduction.  The  turbulent  skin-fricrion 
drag  of  the  fuselage  is  remiced  by  injecting  air  throuj;^  dots  mto 
the  boundary  layer.  The  fuselage  boundary  layer  is  ingested  into 
the  aft-mounted  engine  in  a  way  which  provides  an  efficient  sou^_  of 
injection  air.  The  design  features  intended  to  reduce  skin  friction 
have  the  potential  of  great  benefits  in  fuel  conservation,  but  will  re¬ 
quire  considerably  more  technology  development  than  the  other 
features  shown. 
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Fuel-conservative  engines  will  incorporate  advances  in  the  tech¬ 
nology  of  compressors,  turbines,  inlets,  nozzles,  seals,  combaBtoT& 
fuels,  and  lubncants  and  some  (in  later  models)  will  use  advwcM 
cycles,  including  features  such  as  regenerators.  A  drastic  Ruction  in 
engine  size  will  accompany  the  change  from  current  engines  (fig.  9, 
upper  engme)  to  a  fuel-conservative,  advanced-technology  turbofan 
of  conventional  cycle  (fig.  9,  center  engine).  Installed  weight  reduc¬ 
tions  and  overall  efficiency  gains  combine  to  produce  an  effective  fuel- 
consumption  drop  of  15  percent.  One  concept  of  an  energy-conserva¬ 
tive  advanced-cycle  engine  (fig.  9,  lower  engine)  incorporates  a 
regenerator,  which  uses  ezhau^  heat  to  raise  the  combustor  inlet  tem¬ 
perature.  This  engine  is  predicted  to  use  80  percent  less  fuel  than 
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vanced  engine  components  and  will  be  significantly  quieter  and 
cleaner  than  current  engmes. 

We  have  a  short  film  illustrating  the  wake  vortex  and  advanced 
avionics  and  information  display  research  which  I  would  like  to 
show  now. 

The  first  movie  sequence  will  show  the  vortices  produced  by  the 
standard  Boeing  747  configuration.  Measurements  of  induced  roU  are 
made  on  the  model  which  follows  the  747.  The  second  sequence  illus¬ 
trates  the  alleviation  of  the  vortex  intensity  by  external  devices  at¬ 
tached  to  the  model.  You  will  notice  the  abmnce  of  the  tightly  rolled 


vortex  force. 
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With  continued  research  there  is  hope  that  the  Toitu  problem 
will  be  eliminated.  The  next  element  in  solving  the  runway  cap^ty 
problem  has  to  do  with  reliable  and  routine  all  wMther  operatioi^ 
^is  experimental  737  aircraft  is  a  research  facility  to  study  this, 
as  well  as  other  prdblans.^ 

A  novel  feature  of  tbi«  aircraft  is  the  cabin  within  the  cabin,  where 
instrument  pilots  may  conduct  ffisht  evaluations  of  advanced  dis¬ 
plays  and  controls  designed  spediuly  for  aU  weather  situations. 

'two  examples  of  the  types  of  advanced  displays  being  studied  are 
shown  here.  A  single  dii^ay  at  the  top  presents  integrated  altitude 
data  in  an  improved  format.  The  display  at  the  bottom  is,  in  effect, 
an  active  map  containing  updated  position  and  landmark  data. 

This  scene,  a  fully  autmnatic  landing,  illustrates  how  a  pilot-flyiiw 
with  instruments  alone  can  either  monitor  or  control  wproach,  land¬ 
ing,  and  rollout,  using  the  integrated  data  concept.  The  aircraft  al¬ 
titude  is  displayed  digitally  in  we  box  in  the  upper  right;  a  forward 
facing  TV  camera  is  usea  to  superimpose  an  image  of  the  outside 
scene  on  the  display.  The  il^ht  path  angle,  roll,  and  drift  attitude 
are  indicated  by  the  two  wedges  in  the  center  of  the  display.  The 
position  of  the  aircraft  with  respei^  to  the  desired  approach  path  is 
indicated  by  the  pontion  of  the  aircraft  “^mbol”  within  the  ^Tending 
guidance”  box. 

Additional  work  is  needed  and  planned.^  For  example,  a  method 
must  be  found  to  display  the  outsiae  scene  in  all  weather  condi^ons. 
The  research  under  way  will  continue  to  place  heavy  emphasis  on 
the  primary  displays  needed  for  pilot  coimdence  in  operations  in¬ 
dependent  of  weather. 

This  brief  look  at  aeronautics  in  the  late  20th  Century  suggests 
that  important  changes  resulting  from  advancements  in  aeronautical 
technology  will  make  possible  considerable  improvements  in  the  more 
familiar  forms  of  military  and  commercial  airoraft.  Complementing 
these  evolutionaiy  improvement  options,  and  in  some  instances  cwn- 
peting  witii  them,  will  be  a  number  of  advances  along  less  conven¬ 
tional  lines,  some  of  which  will  be  discussed  next  by  Mr.  Kayten. 

The  Chaismax.  Thank  you  very  much.  That  was  a  fine  statement. 

Mr.  Kayten,  will  you  go  right  on? 

Mr.  Kayten.  Mr.  Chairman,  Senator  Goldwater,  _Mr.  Jones  has 
indicated  some  of  the  improvements  we  can  expect  in  conventional 
aeronautical  systems  durmg  the  1980*8  and  1990’b.  In  addition,  a 
number  of  more  radical  departures  from  the  conventional  systems 
can  be  envisioned,  some  during  that  same  time  TOriod,  and  others  as 
advanced  concept  options  for  the  more  distant  future. 

One  of  the  primary  measures  of  a  transportation  system’s  merit 
is  the  product  of  the  payload  and  the  distance  it  is  carried  in  a 
given  time  interval.  On  the  basis  of  this  productivity  criterion  aloi^ 
supersonic  transportation  appears  inevitable,  whrther  or  not  the 
fii^-generation  European  entries  prove  economically^  succeMful. 
Whw  an  American  supersonic  transport  is  undertaken,  it  vrill  have 
to  offer  la^  advanta;^  over  the  most  advanced  subsonic  jets,  and 
over  the  initial  and  improved  versions  of  the  Concorde  and  the 
TU-144,  in  order  to  compete  successfully  on  the  world  market.  It 
will  also  have  to  overcome  the  environmental  concerns  whidi  figured 
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in  cancellation  of  the  ori^al  SST  prototvpe  projopram.  We  believe 
that  the  supersonic  cruise  aircraft  research  now  m  progress  could 
lead  to  a  second-generation  SST  with  at  least  a  100  percent  increase 
in  payload  capab^ty,  a  25  to  ^  percent  increase  in  range,  and  a  25 
percent  increase  in  speed  relative  to  the  Concorde,  with  noise  levels 
well  below  current  Federal  regulations,  and  with  objectionable 
engine  emission  reduced  by  90  to  95  percent  with  respect  to  present- 
day  engines 

The  optimistic  predictions  are  based  on  several  new  conceptual 
approacnes  which  were  not  far  enough  along  when  the  first-genera¬ 
tion  designs  were  being  solidified,  l^ese  inmude,  for  ezamme,  the 
arrow-wing  planform  and  the  “blended”  confijpiration  (fig.  1)  which 
offer  considerable  increases  in  aerodynamic  emciency  compared  with 
the  more  familiar  delta  shapes  (fig.  2)  and  which  now,  with  new 
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ADVANCED  SUPERSONIC  PROPULSION  CONCEPTS 
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structtml  concepts,  can  be  designed  for  practical  manufacture.  The 
arrow  wing,  incidentally,  has  the  additional  advantage  of  spreading 
the  lift  over  a  lonmr  length,  reducing  sonic  boom  effects.  The  ad¬ 
vanced  supersonic  design  concepts  also  include  the  use  of  propulsive 
!  lift  to  enhance  the  wing  lift,  and  the  use  of  a  totally  new  variable- 

cycle  (%•  6).  'nie  variable  cycle  engine  is  an  essential  new 

feature.  The  concept  is  somewhat  similar  to  that  of  the  variable- 
sweep  wings  used  on  supersonic  combat  aircraft.  Here  the  internal 
engine  gecunetry  is  alteiw  to  vary  the  engine  airflow  as  a  function 
of  flight  ^>eed.  Operating  as  a  gear  shift,  the  variable  cycle  opti¬ 
mizes  efficiency  for  both  Tow-sp^d  and  high-speed  flight,  and  per¬ 
mits  low-noise  take-off  and  landing.  Lastly,  the  new  configurations 
will  gain  additional  performance  through  the  weight  savings 
achieved  by  use  of  the  active  controls  concept.  In  the  supersonic 
applications,  the  active  controls  may  include  vectored  thrust  as  well 
as  aerodynamic  control  surfaces. 

For  certain  civil  or  military  missions,  flight  at  very  low  super¬ 
sonic  speeds,  with  no  sonic  boom  effects  at  aU,  may  prove  necessary 
or  highly  desirable.  The  oblique-wing  concept  (fig.  4)  offers  an  in- 
)  terestmg  option  for  such  applications,  providii^  both  drag  and 

'  weight  benefits  relative  to  symmetrically  swept  wings.  In  low-sp^ 

flight,  the  wing  is  rotated  to  operate  as  a  conventional  unswept  wing 
I  with  its  inherent  low-sp^  performance  and  safety  advantages.  The 

obli<}ue-wing  is  also  being  studied  to  determine  whether  it  offers 
I  significant  &nefits  in  subsonic  applications. 

Apart  from  the  fuel  ctHiservation  concepts  discussed  by  Mr.  Jones 
'  and  the  efforts  toward  ^nthetic  hydrocarbon  fuels,  the  use  of  liquid 

i  hydrogen,  or  possibly  liquid  methane,  as  an  alternate  fuel  is  being 

considered  for  both  subsonic  and  supersonic  aircraft.  Depending  on 
,  the  cost  and  energy  required  to  pi^uce  them,  the  liquified  glass 

t 
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could  be  of  interest  as  a  means  of  reducing  dependence  on  petroleum 
and  other  fossil  fuel  sources.  If  the  hydrogen  can  be  carried  in¬ 
ternally,  the  subsonic  hydrogen  transport  (ng.  5)  will  not  appear 
much  different  from  a  conventional  design,  and  the  high  energy 
content  of  the  hydrogw  will  actually  result  in  some  weight  and  per¬ 
formance  advantages.'  If  the  extemal-pod  arrangement  is  selected 
for  safety  reasons,  the  performance  will  be  somewhat  degraded.  In 
a  supersonic  desim  (fig.  6),  the  hydrogra  configuration  again  ap¬ 
pears  conventionid,  and  the  performance  improvement  is  even  more 
significant.  From  the  standpoint  of  the  airplane  and  engine  design, 
the  cryogenic  fuel  concept  app^rs  entirely  feasible.  The  more  for¬ 
midable  technology  problems  lie  in  the  system  support  areas  of 
economical  hydrogen  production  liquefaction,  distribution,  storage, 
and  handling. 

Perhaps  the  greatest  air  transport  growth  in  the  future  will  occur 
in  the  air  freight  field  where  extremely  large  demand  is  exjiected 
toward  the  end  of  the  century.  Several  of  the  advanced  concepts 
now  being  studied  are  direct^  at  the  cargo  requirement,  lookmg 
at  advancM  ground  handling  concepts  as  well  as  advanced  cargo 
vehicle  concepts. 

The  projected  demand  growth,  the  large  size  and  weight  of  some 
of  the  anticipated  cargo  units,  the  handung  considerations,  and  the 
advantages  of  scale  all  sug^st  the  eventual  development  of  very 
large  air  vehicles  that  will  dwarf  the  largest  wide-body  transporte 
flymg  today.  The  size  alone  will  present  a  number  or  technology 
problems,  even  if  the  vehicles  are  relatively  conventional  airplanes. 


If  systems  and  economic  studies  indicate  that  unconventional  air¬ 
craft,  or  surface-effect  machines,  or  airships  offer  attractive  alterna¬ 
tives,  either  for  general  transportation  or  for  important  unique  appli¬ 
cations,  the  required  technology  preparation  may  be  still  more  exten¬ 
sive.  For  example,  preliminary  study  indicates  that  one  potentially  at¬ 
tractive  and  productive  airship  concept  may  be  a  totally  new  form  of 
vehicle,  a  hybrid  in  which  the  lift  developed  from  buoyancy  is  supple¬ 
mented  by  aerodynamic  lift,  or  propulsive  lift,  or  both.  Our  studies  of 
the  cargo  requirement,  and  the  various  alternative  approaches  to  meet¬ 
ing  it,  include  consideration  of  lighter-than-air  and  semibuoyant 
vehicles  as  well  as  conventional  aircraft. 

The  large  cargo  airplane  may  carry  most  of  its  load  and  its  fuel 
in  the  wing  rather  than  in  the  body  (figs.  7  and  8).  This  flexibility 
in  load  distribution  is  one  of  the  benefits  of  large  size,  and  permits 
major  savings  in  structural  weight,  since  the  distributed  load 
balances  the  aerodynamic  lift  forces  on  the  wing.  The  result  is  a 
potential  payload  increase  on  the  order  of  50  percent,  with  a  cor¬ 
responding  decrease  in  operating  cost  and  fuel  per  ton-mile.  Other 
advanced  concepts  being  considered  (fig.  9)  include;  coupled  aircraft 
in  which  the  efficiency  and  distributed  span-loading  of  the  large 
wing  are  obtained  by  in-flight  combination  of  individual  smaller 
units  which  may  operate  from  independent  termnials;  tandem  air¬ 
craft  in  which  the  large  loads  are  carried  in  the  body  Wt  supported 
by  two  wings;  and  large,  conventional  low-speed  airplanes  in  which 
advaric^  technology  is  deliberately  avoided  in  favor  of  design 
simplicity  and  low  manufacturing  cost. 
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CARGO  ARCRAFT  DESIGN  FOR  SPECIAL  APPLICATIONS 


Although  no  active  effort  is  currently  under  way  toward  nuclear- 
powered  aircraxt,  the  trend  toward  very  larse  size,  large  payload 
requirements,  and  long  range,  together  with  me  fossil  fuel  snorta^e 
concerns,  could  very  conceivably  lead  to  a  revival  of  intei^  in 
nuclear  power,  particularly  if  a  military  need  emerges  for  missions 
of  extremely  long  duration. 

One  of  NASA’s  technology  efforts  in  support  of  military  require¬ 
ments  is  directed  at  developing  concepts  for  substantial  improve¬ 
ments  in  advanced  fighter  maneuverability  (fig.  10).  We  have  been 
perfecting  the  techniques  of  remotely  piloted  research  vehicles,  to 
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minimize  cost  and  risk  in  flight  testing  selected  high  maneuverability 
design  concepts.  The  military  services  are  experimenting  with  re¬ 
motely  piloted  vehicles — RPV’s — for  missions  such  as  battlefield 
surveillance.  It  is  possible  that  KPV’s  may  in  the  futiire  be  found 
useful  for  specialized  civil  applications  such  as  monitoring  of  severe 
storms,  for^  fire  detection,  fire  fighting,  disaster  assistance,  and 
remote  area  deliveries. 

The  hypersonic  transport  may  be  a  follow-on  or  perhaps  even  an 
alternative  to  second-^neration  supersonic  flight.  Operating  at  three 
times  the  speed  of  Concorde — or  about  eight  times  the  speed  of 
today’s  jet  transports — and  capable  of  very  long  ranges,  the  hyper¬ 
sonic  transport  could  be  of  interest  in  an  era  of  incre^ed  East- West 
and  African  trade.  Hypersonic  transports  would  operate  at  ex¬ 
treme^  high  altitudes  and  use  liquid  hydrogen  fuel. 

At  first  glance,  the  hypersonic  airplane  (fig.  11)  looks  quite  similar 
to  a  supersonic  vehicle.  Actually,  there  are  some  major  differences. 
The  airplane  is  powered  not  by  a  conventional  turbojet  or  turbofan 
engine,  but  by  a  supersonic-combustion  ramjet  (fig.  12)  intergrated 
into  the  structure.  Because  of  the  very  high  flight  speeds,  the  struc¬ 
ture  must  be  cooled  by  circulating  liquid,  depending  on  the  large 
cooling  capacity  of  the  liquid  hydrogen  to  remove  the  heat.  Hyper¬ 
sonic  research  engine  tests  have  been  conducted  successfully  in  the 
laboratory;  a  possible  flight  research  program  to  further  the  de¬ 
velopment  of  the  hypei  onic  cruise  flight  concepts  is  currently  being 
considered  jointly  by  NASA  and  the  Air  Force. 

In  the  much  more  distant  future,  there  exists  the  possibility  of 
semiglobal,  or  suborbital,  rocket-propelled  transport  which  could 
evolve  concurrently  with  further  advances  in  space  transportation. 


23 


We  have  reviewed  only  eome  of  the  potential  new  developments  in 
aeronautics.  We  have  covered  them  only  sketchily,  and  have  not 
discussed  any  of  the  research  and  technology  profframs  which  will 
mate  these  advances  possible.  We  will  be  pleased  to  provide  any 
additional  information  you  may  require. 

The  Chaibhan.  Thi^  you  very  much,  Mr.  Kayten,  for^  the 
glimpse  you,  Mr.  Jones,  and  Dr.  Fletcher  have  given  us.  It  is  stimu¬ 
lating  and  pricks  our  curiosity  as  to  what  further  we  can  be  moving 
onto. 

I  wonder,  Mr.  Fletcher,  if  you  could  have  more  funding  for  aero¬ 
nautics,  what  do  you  see  as  the  most  pressing  need  or  the  greatest 
opTOrtunity  for  rapid  advance? 

Dr.  Fletches.  Well,  it  is  hard  to  point  to  one  particular  program 
as^  needing  funding.  I  would  like  to  turn  to  my  associates  m  a 
minute,  but  I  woum  say  that  I  feel  a  little  uneasy  about  the  lack 
of  funding  for  this  variable  cycle  en^e  that  Mr.  Kayten  was  talk¬ 
ing  about  for  possible  supersonic  application.  I  think  that  develop¬ 
ment  of  that  engine  will  not  only  be  useful  for  possible  supersonic 
transports  in  the  future  but  may  be  useful  in  other  applications  and 
we  are  not  really  spending  enough  money  in  that  area. 

Mr.  Katten.  Yes  sir.  The  variable  cycle  engine  is  the  one  key 
item.  At  the  moment  we  cannot  even  predict  when  the  Nation  wordd 
be  ready  to  make  a  decision  on  proceeding  with  supersonic  transport 
development.  With  about  5  yea»^  of  research  effort  on  the  variable 
cycle  engine  we  believe  that  wt  .rould  have  that  information  in  hand 
and  be  on  our  way  if  the  decision  is  positive. 

The  Chairman.  How  muck  -ffort  are  you  able  to  put  on  it  now, 
on  the  variable  cycle  engine? 

Mr.  Katten.  At  the  moment  we  are  working  on  component  re¬ 
search  toward  the  variable  cycle  engine  which  is  probably  appropri¬ 
ate  for  maybe  this  year  or  next  year.  Beyond  that  it  would  require 
a  significant  increase  to  really  proceed  with  variable  cycle  engine 
research. 

The  Chairman.  And  about  5  years  out  you  think  it  ought  to  be 
in  a  position  where  we  could  be  seriously  considering  its  utilization 
in  supersonic  aircraft? 

Mr.  Katten.  Yes,  sir. 

.  The  Chairman.  Dr.  Fletcher,  as  you  know,  it  was  this  committee 
that  recommended  the  Civil  Aviation  Research  and  Development  or 
CARD  policy  study  several  years  ago.  Can  you  tell  us  what  the 
status  is  of  your  efforts  to  implement  the  recommendations  of  the 
CARD  study? 

Mr.  Jones.  Well,  the  recommendations  of  the  CARD  study  dealt 
primarily  with  the  noise  and  congestion  problems  of  our  transporta¬ 
tion  sy^m.  Since  the  time  of  that  study  we  have  emphasized  re¬ 
search  in  those  areas  in  our  program  and  certainly  that  emphasis 
remains.  We  will  continue  to  do  that. 

More  recently,  of  course,  there  has  been  much  concern  over  the 
energy  conservation  asprots  of  aviation  and  that  has  to  be  taken  into 
account  with  the  pollution  and  noise  research  because  in  some  areas 
the  requirements  are  not  compatible  and  compromise  must  be  made. 
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So  the  diiect  answer  to  joar  question  is  that  we  continue  to  empha¬ 
sise  the  noise  and  congestion  problem  as  was  noted  in  the  testimony. 

The  Chairmak.  Tlmt  is  on-going  now  on  a  regular  basisf 

Mr.  Jones.  Tes.  That  is  an  essential  part  of  our  resear^  program. 

The  Chairkan.  I  would  like  to  turn  to  my  colleague,  Stator 
Gtoldwater.  I  may  want  to  come  back  later  with  another  question  or 
two. 

Senator  GKildwatei.  Mr.  Jones,  referring  to  ^our  vortex  supres- 
sors  in  fij^re  2  (p.  8),  you  did  not.  fully  explain  the  effect  of  the 
pltmger.  That  is  all  I  can  call  it.  That  is  what  it  looks  like.  Near  the 
wing  tip  of  each  wing.  What  does  that  do? 

Mr.  Jones.  There  is  an  example  of  that  shown  on  the  model  in 
front  of  me.  It  is  essentially  a  turbulence  generator  which  introduces 
turbulence  into  the  stream  at  the  location  of  the  vortex  and  that 
turbulence  tends  to  break  up  the  continuity  of  the  vortex.  Those  are 
envision^  to  be  used  in  the  landing  approach.  They  would  not  be 
appropriate  for  takMff  because  of  the  high  drag  that  they  introduce. 
But  the  high  drag  in  the  landii^  approach  may  well  be  compatible 
with  steeper  approach  concepts  in  the  landing  approach. 

Senator  Gtoldwater.  Yes,  but  you  had  vortex  on  takeoff.  Would 
the  placing  of  the  engine  near  the  wing  tip  tend  to  overcome  the 
lesser  vortex  that  is  developed  on  takeoff?  I  know  it  is  not  a  traffic 
problem  but  we  have  had  some  accidents  on  takeoff  following  jet 
aircraft  too  cloedy  by  conventional  light  aircraft. 

Mr.  Jones.  Well,  the  one  advantage  in  takeoff  is  that  aircraft  are 
dispersing  rather  than  converging,  but  the  aspect  we  show  here  is 
the  outboard  placement  w  you  point  out — ^placement  of  the  outboard 
engine  near  me  wing  tip  so  that  the  energy  which  it  contributes 
tends  to  disperse  the  vortex  and  avoid  the  concentrated  vortex  core 
some  distance  behind  the  aircraft. 


Smator  GomwATER.  Just  as  a  matter  of  information,  in  your 
vortex  research  what  is  the  maximum  distance  that  the  vortex  has 
been  of  sufficient  force  to  cause  problems  behind  preceding  aircraft? 
I  ask  that  because  one  night  I  ran  into  vortex  problems  nearly  10 
miles  behind  a  707  and  it  actually  started  to  roll  me.  How  far  oack 
will  that - 


Mr.  Jones.  I  would  think  that  is  about  the  limit.  We  have  en¬ 
countered  significant  disturbances  7  to  10  miles  behind  large  trans¬ 
port  aircraft 

Senator  Goldwater.  Thank  you. 

Now,  relative  to  the  oblique  wing,  that  is  a  very  interesting  con¬ 
cept.  I  wish  you  could  go  into  it  a  little  more.  It  would  be  a  con- 
vfflit^cmal  wing  on  takeoff  and  landing? 

Mr.  Katten.  That  is  right.  It  would  be  unswept  for  takeoff  and 
luadin^ 

I^.  Tlbtcher.  It  is  mostly  useful.  Senator  Goldwater,  in  the 
region  just  beyond  sonic,  about  Mach  1.2  or  thereabouts. 

Senator  Ck>u>wATE».  Well,  could  you  explain  the  aerodynamic  ad¬ 
vantage  in  placing  it  in  the  oblique  position?  I  can  see  some  prbb- 
lenM  being  accentuated  if  we  confine  it  in  a  conventional  wing  such 
as  in  a  turn,  the  higher  wing  goes  farter  than  the  lower  wing  creating 
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varying  lift  problems.  Would  not  this  happen  to  a  more  marked 
degree  with  the  oblique  wing  in  that  ^ition? 

Mr.  Kattbv.  It  does  not  seem  to,  wnator.  The  actual  advantage 
is  largely  one  of  structural  weight  rather  than  aerodynamic — ^in  a 
much  more  simple  hinge  and  pivot  mechanism,  l^ere  is  an  aerody¬ 
namic  advantaj^  and  perhaps  Mr.  Jones  would  want  to  explain  ^t. 
It  has  to  do  with  the  reduce  drag  forces  on  the  oblique  wing. 

Mr.  Jones.  Well,  ^e  aerodynamic  advantage  is  that  it  is  effedively 
a  higher  aspect  ratio  wing  than  a  conventional  swept  wing  where 
both  panels  of  the  wing  are  swept  back,  comparing  wings  of  ^e 
same  span.  There  is  a  higher  degree  of  aerod3mamic  efBciency  in  the 
yawed  wing. 

Senator  Goldwateb.  What  hapmns  to  the  turbulence  on  the  wing? 
Does  it  travel  straight  back  or  does  it  tend  to  go  along  when  the 
wing  is  in  that  position? 

Mr.  Jones.  Well,  the  boundary  layers  flow  very  close  to  the  surface, 
tends  to  follow  back  along  the  wing  but  the  general  flow  over  the 
wing  does  not 

Senator  Qoldwater.  Tou  have  done  wind  tunnel  test**  <m 
have  you  not? 

Mr.  Jones.  Yes.  We  have  a  number  of  wind  tunnel  tests.  Boeing 
has  made  studies  for  us  of  the  possibility  of  application  of  this 
concept  to  a  transport  aircraft. 

Dr.  Fletcher.  Senator,  we  have  also  flown  small  models  of  that 
skewed  wi^  exhibit,  to  study  some  of  the  stability  and  control 
aspects  of  it.  It  seems  to  behave  reasonably  well  so  far. 

Senator  Goldwater.  It  is  a  two-position  set  up  or  can  this  be 
varied? 


Mr.  JoNi».  It  could  be  varied.  Primarily  I  think  it  would  be  flown 
in  two  positions,  unswept  for  low  speed  and  highly  swept  for  the 
high  speed  cruise. 

Senator  Goldwater.  Does  this  have  any  effect  on  the  sonic  boom 
problem? 

Mr.  Katten.  The  configuration  itself  does  not  but  the  speed  at 
which  it  would  be  flying  is  selected  so  that  there  would  be  no  sonic 
boom  effects  reaching  the  ground. 

Senator  Goldwater.  You  got  into  hydrogen  fuel.  How  far  away 
are  we  from  the  practical  use  of  hydrogen! 

3fr.  Katten.  We  think,  Senator,  with  respect  to  the  aircraft  prob- 
iema  the  technology  could  be  ready  probably  in  the  mid-1980’s.  How- 
evv  r,  the  hydrogen  economy  aspects,  the  production  and  distribution 
and  the  ground  support  systems,  and  above  all  the  economical  avail¬ 
ability  of  the  hydrogen  fuel,  that  seems  to  be  considerably  farther, 
possibly  at  the  ve^  end  of  the  century.  We  do  not  believe  that  we 
would  go  in  a  civil  application  to  hydrogen  use  for  aircraft  alone. 
Aircraft  would  use  hydrogen  if  the  rest  of  the  world  were  using 
hydrogen  in  large  quantities. 

Senator  Goldwater.  Well,  it  is  a  much  stronger  fuel,  is  it  not?  Say 
per  cubic  foot  of  fuel  would  you  not  get  more  power  from  the  hydro¬ 
gen  than  you  would  out  of  any  conventional  fuel? 

Mr.  Katten.  You  get  considerably  more  energy  per  pound.  The 
volume  is  actually  larger.  Yes  sir,  it  is  about  something  on  the  order 


of  three  times  the  energy  per  pound  that  we  have  in  the  hyditicarbon 
fuels.  Then  there  is  a  compensatii^  loss  because  of  the  volume  and 
the  installation,  things  that  go  with  it.  It  still  ends  up  a  net  gain 
in  applications  depending,  of  course,  on  what  the  manufacture  and 
liquefaction  costs  are. 

Senator  Goldwater.  Now,  I  wonder  if  you  could  give  us  a  diort  ex¬ 
planation  of  the  variable  cycle  engine.  I  can  understand  a  reciprocat¬ 
ing  engine  but  when  you  get  into  the  fan  type  engine,  what  cycle  are 
you  varying? 

Mr.  Katten.  The  thing  primarily  beiim  varied  is  the  quantity  of 
air  flow  through  the  engine  and  the— ef^tively  the  by-pass  ratio, 
and  in  one  simple  model  which  we  started  to  bring  up  but  it  was  a 
little  too  small  to  visualize,  we  actually  have  just  a  two-position  series 
of  tubes,  if  you  will,  one  permitting  a  larger  passage  of  air,  the 
other  one  a  smaller  one,  and  by  rotation  we  switch  from  one  to  the 
other.  There  are  a  variety  of  different  ways  of  accomplishing  this. 
But  basically  it  is  to  permit  more  bypass  air  at  one  speed  range  than 
in  another. 

Senator  Goldwater.  Do  we  not  do  that  now  in  the  SR-71  engine? 
If  that  is  the  cycle  that  you  are  talking  about,  the  cycle  of  air,  is 
that  not  the  secret  of  the  SR-71  engine,  the  control  of  air? 

Mr.  Katten.  I  think.  Senator,  what  we  are  doing  there  is — ^you 
mean  the  variation  of  the  inlet  size? 

Senator  Gh)LDWATER.  Yes. 

Mr.  Katten.  I  think  that — ^it  does  not  guite  do  the  same  thing.  It 
does  not  alter  the  ratio  of  bypass  to  straight  through  air.  It  alters 
the  total  air.  I  believe  that  is  the  difference. 

Senator  Goldwater.  Well,  do  we  not  do  that  to  some  extent  in  the 
bypass  engine  today? 

Mr.  Katten.  We  do  it  at  a  fixed  ratio  and  that  is  why  the  high 
bypass  ratio  is  excellent  for  low  speed  takeoff  thrust,  for  low  noise 
and  so  on.  In  supersonic  flight,  it  is  a  loss.  Ideally  what  you  would 
like  to  have  is  a  straight  jet  in  supersonic  flight  and  a  high  bypass 
ratio  engine  for  takeoff  and  landing,  and  these  mechanisms  for 
jockeying  the  amount  of  air  in  effect  provide  that  for  us.  This  is  all 
in  the  very  early  conceptual  stage  at  the  moment. 

Senator  Goldwater.  Are  there  any  papers  available  on  what  you 
have  done  so  far?  Let’s  say  is  there  a  paper  available  on  the  basic 
concept? 

Mr.  Katten.  Yes  sir.  We  can  provide  that. 

Senator  Goldwater.  I  would  like  to  have  one  just  for  my  own  use. 

[Material  requested  follows:] 

The  terminology  "variable  cycle”  as  applied  to  engines  has  come  to  be  asso¬ 
ciated  with  those  engines  which  operate  as  tnrbofan  engines  at  subsonic  speed 
and  as  straight  or  after-burning  turbojets  at  supersonic  speed.  Variable  cycle 
engine  types  include,  but  are  not  limited  to :  Single  valve  variable  cycle  engines ; 
mixed  mission  integrated  propulsion  systems ;  variable  stream  control  engines ; 
and  dual  valve  variable  cycle  engines. 

The  characteristics  of  all  of  these  types  of  variable  cycle  engines  are  that 
they  move  large  amounts  of  air  at  relatively  low  velocity  at  subsonic  speeds  for 
low  noise  and  good  specific  fuel  consumption,  and  relatively  small  amounts  of  air 
at  high  velocity  at  supersonic  speeds  for  optimum  cruise  specific  fuel  consump- 
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A  single  valve  variable  cycle  engine  would  use  a  valve  or  flow  diverter  between 
dual  fans  by  which  some  of  the  front  fan  air  would  be  bypassed  around  the 
second  fan  and  additional  auxiliary  Inlet  air  provided  to  the  second  fan  for 
subsonic  operation,  but,  for  supersonic  operation,  all  Intake  air  would  pass 
through  front  and  rear  fans  and  the  compressor  stages. 

A  mixed  mission  integrated  propulsion  system  would  use  three  turbojet  mi- 
gines  in  a  single  pod  where,  for  subsonic  operation,  some  of  the  main  inlet  air 
is  bypassed  in  ducts  around  two  outboard  engines  with  the  main  stream  through 
the  compressor,  burners,  turbine,  and  nozzle  of  the  middle  engine.  Au^dUary  inlet 
air  is  also  ducted  through  the  compressors,  etc.,  of  the  outboard  engines  in  the 
pod.  For  supersonic  operation,  the  auxiliary  inlets  are  closed  and  main  inlet  air 
feeds  all  three  engines.  The  total  system  thus  operates  as  a  turbofan  at  sub¬ 
sonic  speeds  and  a  turbojet  at  supersonic  speeds. 

A  variable  stream  control  enghte  is  a  variation  on  a  duct  heating  tnrbofan  in 
which,  for  subsonic  operation,  the  duct  heater  is  not  lit,  while  for  supersonic 
speeds,  it  is  lit.  Such  an  engine  would  also  contain  variable  fan,  compressor, 
and  turbine  geometry. 

A  dual  valve  variable  cycle  engine  being  studied  intensively  is  shown  in  the 
enclosed  chart.  At  subsonic  speeds,  this  engine  would  operate  in  a  hlgh-bypass 
mode  (upper  part  of  chart).  In  this  mode,  the  intake  air  is  split  to  pass  through 
(a)  the  front  fan,  then  the  rear  fan,  the  high  compressor,  the  burners,  the  high 
and  low  turbines  and  the  second  low  turbine  as  in  a  straight  turbojet,  and  (b) 
the  front  fan  and  then  through  an  auxiliary  nozzle  similar  to  the  operation  of 
a  bypass  Jet.  Since  additional  bypass  air  is  needed,  an  auxiliary  inlet  is  also 
opened  which  carries  the  additional  air  around  the  compressor  and  turbines 
and  discharges  it  at  the  primary  noule.  This  bypass  air  may  be  given  additional 
energy  for  acceleration  modes  by  use  of  the  duct  heaters  if  required.  For  the 
supersonic  cruise  mode  (lower  part  of  chart)  the  auxiliary  inlets  and  nozzles 
are  closed  and  the  intake  air  is  split  to  pass  through  (a)  the  compressor,  the 
burners,  and  the  high  and  low  turbines  to  be  discharged  through  the  rear  flow 
diverter  valve  into  the  outer  duct  without  passing  through  the  second  low  tur¬ 
bine,  and  (b)  the  duct  heater  and  the  rear  flow  diverter  valve  to  power  the 
second  low  turbine.  In  the  supersonic  cruise  mode,  the  engine  is  in  essence  a 
dual  turbojet  with  the  intake  airflow  matched  to  the  requirements  of  the  com¬ 
pressor/burner/high  and  low  turbine  path  and  the  fan/duct  heater/second  low 
turbine  path. 
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syatem  to  be  totally  effective.  I  think  the  development  of  the  Air 
Force  AMST  prototype  aircraft  and  the  testing  done  with  the  NASA 
research  airplane,  pictures  of  which  were  shown  her^  will  to  a  lo^ 
way  toward  df>fining  capabilities  that  can  be  built  into  STOL  air¬ 
craft  The  AMST  aircraft,  of  course,  do  not  have  the  constraints  on 
them  that  are  placed  on  an  aircraft  designed  for  civil  operation,  par¬ 
ticularly  in  the  area  of  noise. 

Dr.  Fletcheb.  Could  I  clarify  tiiat  statement!  We  use  terms  some¬ 
times  that  are  technical  and  not  always  understood.  When  we  say 
systems,  we  mean  the  airplane,  the  airrort  the  landing  system,  and 
the  traffic  control  system  that  takes  the  STOL  from  one  place  to 
anc^her.  Just  changi^  the  plane  to  a  STOL  does  not  give  you  all 
the  advantages  of  a  STOL  system.  You  really  need  to  Aange  the  way 
airports  are  designed  and  you  need  to  change  the  traffic  control  sys¬ 
tem,  the  whole  works,  along  with  it  to  get  full  advantage. 

What  Mr.  Jones  is  saying,  I  think,  is  that  the  technology  for 
of  these  things  is  available.  For  the  airplane,  we  are  domg  it,  but 
the  whole  syrtem  is  a  very  expensive  and  a  slow  changing  imd  of 
thing.  T^at  he  is  saying  is  it  will  gradually  happen,  not  suddenly 

?Ee  CHAnofAx.  Is  there  not  a  great  demand  for  STOL ;  isn’t  there 


quite  a  bit  of  pressure  for  it?  ,  ,  ,  ,  j  i.v 

Mr.  JoxES.  Well,  I  think  there  is  no  lack  of  demand  from  the 
standpoint  of  adding  to  the  efficiency  of  our  transp<^tion  system 
but  the  cost  of  installing  a  STOL  sy^m,  and  1 that  tem 
the  lines  defined  by  Dr.  Fletcher,  is  significant  and  that  is  why  1  be¬ 
lieve  it  will  happen  as  an  evolutionary  pro<^  , 

As  the  aircraft  becomes  available,  it  will  be  used  initially  wiuun 
the  existing  airports  and  as  the  system  totally  develops,  toen  there 
will  be  changes  made  to  accommodate  the  unique  ,  capabilines  of  the 

STOL  aircraft  ,  ^  i.  a 

The  Chairman.  Mr.  Jones,  some  have  suggested  that  advancea 

computers  and  sophisticated  wind  tunnel  trohniques  should  aUow  us 
to  move  toward  a  two-step  FAA  certification  of  new  aircra^  pre¬ 
liminary  certification  as  an  aid  to  financing,  and  final  rertafication 
of  the  actual  aircraft  for  general  use.  Does  this  seem  feamble  to  you! 

Mr.  Jones.  There  is  a  potential  then^  I  believe,  to  ^  just  th^. 
We  are  in  fact  exploring  those  possibilities  with  the  at  the 

present  time,  but  they  are  in  the  very  early  stages  of 
The  Chairman.  So  you  think  it  is  feaabte  and  would  bo  a  pretty 
good  idea  but  FAA  is  considering  it,  is  tl»t  it?  _  , 

Mr.  Jones.  The  feasibility  really  has  to  be  ^Wished  vet.  W^ave 
to  make  some  studies  utilizing  our  current  flight  simulation  ®q™P- 
ment  with  some  test  cases.  I  perhaps  am  a  little  early  in  saying  toe 
total  system  is  foible.  It  seems  feasible  and  we  are  examning  tna^ 
We  would  like  to  establish  the  feasibility.  Of  course,  rertification  « 
the  FAA’s  concern  and  anyway  in  which  we  can  help  them  with 
NASA  technology,  we  will  certainly  standby  to  do  it. 

The  Chairman.  Well,  certification  is  a  bit  costly,  is  it  not  I  flow 
much  does  it  cost  to  certify  a  747? 
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Mr.  Jokes.  I  am  afraid,  Mr.  Chairman,  I  cannot  answer  that 
question. 

The  Chahuian.  Well,  my  information  is  it  is  quite  a  long  and  omn- 
plicated  process  and  tato  a  vast  amount  of  money ;  I  just  wondered 
if  there  could  be  a  simplification  and  if  the  two-step  certification  might 
lead  to  simplification. 

Mr.  Jokes.  Well,  certainly  it  is  a  costly  process  and  anythiim  we 
can  do  with  the  tec^ology  ^t  NASA  works  with  to  assist  the  FAA 
and  the  industry  in  reducing  those  costs  diould  be  looked  at  and  we 
are  doing  that. 

The  Chahucak.  Senator  Metzenbaum,  do  you  have  any  questions  f 

Senator  METEEKBAirsc.  I  had  an  Interior  CommittM  hearing  at 
the  same  time  as  this  one  so  I  was  a  little  late.  I  have  just  one  ques¬ 
tion  on  the  usage  of  STOL  in  the  total  svstem  aroect,  could  yon 
explain  what  it  requires  at  the  landing  fieldf  You  talked  about  three 
areas  other  than  the  ^uipment  itself  and  I  was  a  bit  curious  because 
I  could  not  quite  envision  the  problem. 

Dr.  Fletcher.  I’ll  defer  to  our  expert  on  airports.  Let  us  tety  Jerry 
Kayten.  Jeny  is  the  e:!^rt  in  this  area. 

Mr.  Kattek.  The  StOL  airplane,  Senator,  is  really  not  so  much 
a  short  runway  operation  as  a  low  speed  flieht  capabili^  which  en¬ 
ables  you  to  maneuver  very  tightly  and  utilize  the  minimum  of  air 
space  and  keep  noise  off  the  community  and  things  like  that  ^ 

One  of  the  things  you  need  to  be  able  to  utilize  that  capability  to 
the  fullest  extent  is  the,  oh,  things  like  the  microwave  landing  sy^m 
which  provides  information  to  the  pilot  and  which  he  can  ^  in 
guiding  the  airplane,  and  particularly  under  instrument  conditions. 
The  tMngs  that  we  would  really  like  to  do  with  these  pwmulsive  lift 
airplanes  is  to  separate  them  from  the  conventional  traffic  and  use 
them  to  relieve  the  cong^ion  that  was  built  in  a  few  yeare  ago  and 
has  slacked  off  now,  which  is  one  reason  for  the  slackening  in  the 
apparent  demand.  But  to  do  this,  it  simply  means  that  you  want  to 
use  additional  airports  or  additional  runways  and  that  means  just 
prosaic  things  like  terminal  buildings  and  bag^ge  handlmg  and 
traffic.  So  it  is  not  a  sophisticated  system  that  is  required  in  some 
cases.  It  is  just - 

Senator  Metzekbauu.  It  is  a  simpler  system.  You  would  use  a 
simpler  kind  of  a  runway,  a  runway  which  would  not  be  as  long. 

Mr.  Kattek.  That  is  right. 

Senator  Metzekbahm:.  And  therefore  I  am  wondering  why,  in  an¬ 
swer  to  the  Chairman’s  question — ^you  talk  about  the  fact  you  needed 
a  special  kind  of  airport.  It  would  seem  to  me  that  meet  airports 
that  I  can  recollect  have  long  nmways  but  often  times  have  shorter 
runways  that  are  not  used. 

Mr.  Kj^ttek.  Yes,  you  could  use  the  airports  but  you  would  not 
get  the  benefit  for  which  they  would  be  developed  and  the  cost 
just  would  not  warrant  it. 

Senator  Metzekbattu.  How  much  runway  do  you  need  on  an  aver¬ 
age  STOL  takeoff  and  landing? 

Mr.  Kattek.  It  could  be  as  low  as  2,000.  It  is  more  costly  to  derign 
for  that,  more  likely  .3,000  feet  would  be  about  average. 
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l^nator  Mbtzexbaum.  One  ^int,  there  was  a  good  deal  of  pub¬ 
licity  about  STOL  being  totally  vertical  on  takeoff.  Is  that  just  a 
nice  conversation  topic? 

Mr.  Katteit.  No,  sir.  We  would  call  that  VTOL  and  Mr.  Jones 
showed  some  pictures.  We  are  working  towards  that,  too.  But  it  is 
a  little  further  away  and  a  little  more  costly. 

Senator  METZEimAinc.  Thank  you. 

Dr.  Fletcher.  Senator  Metzenbaum,  could  I  add  one  other  thought  ? 
One  of  the  easiest  illustrations  of  a  STOL  airport  would  be  a  3,000 
foot  runway  placed  in  the  middle  of  the  East  River,  lets  say,  right 
along  side  of  Manhattan.  You  could  do  that  with  STOL  and  you 
would  really  gain  a  big  advantage  if  you  came  up  with  something  like 
that.  I  am  not  proposing  to  do  it  but  you  comd  do  that  and  then 
relieve  a  lot  of  the  traffic  that  lan^  out  at  Kennedy  International 
and  it  would  be  a  lot  easier  to  (Kt  into  work  from  there. 

That  is  just  an  illustration  of  something  that  could  be  done  with 
STOL  in  order  to  take  real  advantage  of  the  possibility  of  a  short 
runway. 

Another  possibility  you  already  mentioned,  use  short  pieces  of  exist¬ 
ing  airports.  But  then  you  have  got  to  figure  out  the  traffic,  how  to 
take  advantage  of  that  short  piece  so  it  does  not  get  mixed  up  with 
the  traffic  using  the  longer  runways. 

All  of  these  things  have  to  be  put  together  in  a  national  ^stem  and 
that  is  being  considered  now  but  it  is  not  being  done. 

Senator  METZENBAtrM.  Thank  you. 

The  Chairman.  Thank  you.  Senator  Goldwater,  you  have  an  addi¬ 
tional  question? 

Senator  Goldwater.  Would  you  not  say  that  the  landing  and  take¬ 
off  of  helicopters  at  the  conventional  airports  presents  somewhat  the 
same  kind  of  a  problem  that  you  are  talking  about?  I  mean  they 
have  not  really  solved  that  yet. 

Dr.  Fletcher  No  question  about  it.  If  helicopter  traffic  grows  any 
more  it  is  going  to  really  congest  the  airports  that  we  have;  and  I 
do  not  know,  but  I  suspect  that  helicopter  traffic  is  partly  limited 
by  the  other  traffic  patterns.  Is  that  a  proper  statement? 

Mr.  Katten.  It  is  but  not  as  much  as  STOL  traffic  is  limited,  be¬ 
cause  the  STOL  is  still  a  normal  flying  machine  and  the  controllers 
bring  them  in  in  normal  approaches  and  intermixes  them,  whereas 
Ae  helicopter  they  will  allow  to  come  in  on  taxi  strips  and  in  the 
hanger  areas  and  things  like  that.  They  are  a  little  less  reluctant  to 
mix  them  in  with  conventional  airplanes.  If  there  were  a  lot  more  of 
them  as  Dr.  Fletcher  says,  they  probably  would  get  a  little  more 
concerned. 

Senator  Goldwater.  That  model  behind  you,  with  the  variable  al¬ 
titude  engines,  we  have  one  of  those  flying  now,  made  in  Canada? 
Not  exactly  like  that.  It  is  not  the  large  rotor  type  blade  but - 

Mr.  Katten.  That  rotates  the  entire  wing  and - 

Senator  Goldwater  Yes. 

Mr.  Katten  [continuing].  And  it  is  more  of  a  propeller  driven 
airplane  like  the  CX-142  was,  whereas  this  is  more  of  a  conventional 
helicopter.  It  is  a  different  approach  to  the  same  general  concept,  yes. 
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Senator  Goldwater.  And  Sikorsky  came  out  with  a  contra-rotating 
rotor  for  helicopter  use  and,  in  fact,  I  think  they  built  a  prototype  to 
eliminate  all  of  the  torque  problems.  Have  you  had  anything  to  do 
with  that? 

Mr.  Katten.  I  did  not  see  the  article  but  we  have  been  testmg  with 
Sikorsky,  their  so-called  ABC  concept  and  I  think  that  is  about 
what  that  is. 

Senator  Gk)LDWATBH.  I  have  a  few  more  questions,  Mr.  Chairman. 
Does  the  United  States  now  possess  the  technology  to  build  an  eco¬ 
nomically  attractive  SST? 

Dr.  Fletcher.  That  is  really  a  tot^h  question.  My  guess  is— if  you 
forgot  about  all  the  environmental  issues — it  would  be  possible,  out 
just  barely  so.  My  recommendation  would  not  be  to  start  an  SST 
right  now;  but  to  develop  the  technology  necessary  to  build  an  eco¬ 
nomical  and  environmentally  acceptable  SST.  I  would  defer  that  de¬ 
cision  to  later  in  the  decade  and  work  intensively  on  the  teclmology 
so  indeed  when  we  made  the  decision,  if  we  made  the  dec^on,  we 
would  have  an  economically,  and  as  pointed  out  in  the  testimony^  a 
much  more  viable  airplane  than  either  the  Concorde  or  the  Soviet 
planes. 

Senr  loi  Goldwater.  You  answered  my  next  question. 

Has  NASA  studied  the  economics  of  a  hypersonic  tran^rt! 

Ilf.-.  l^TTEN.  I  do  not  believe  we  have  gone  very  deeply  mto  toe 
economics.  We  have  been  working  the  technology  both  for  ji^ble 
transport  and  for  military  use.  I  think  the  economics  of  the 
sonic  transport— I  do  not  really  believe  we  would  have  a  sound  baas 
for  analyzing  that  and  it  would  depend  really  on  missions  and 
kets  that  we  can  not  yet  visualize.  We  know  it  would  be  feeble 
technically.  We  do  not  know  it  would  be  desirable  economically 

Senator  Goldwater.  Remember  in  1946  hearing  Hall  Hibbaro  of 
Lockheed  talk  about  the  Mach  4  transport  flight.  I  think  everybody 
in  the  room  thought  he  was  off  his  rocker.  1.11. 

Mr.  Kayten,  do  you  believe  lighter-than-air  vehicles  can  help  the 
nation’s  future  transportation  needs?  ^  , 

Mr.  Katten.  Well,  we  are  going  into  rome  fairly  extensive  studies 
to  develop  a  better  answer  to  that.  I  believe  there  are  certain  umque 
requirements  for  which  lighter-than-air  can  do  things  that  nothing 
else  can  do.  What  we  do  not  know  yet  is  the  extent  of  the  require¬ 
ment,  whether  or  not  it  would  justify  development,  and  one  of  the 
reasons  we  are  making  the  kind  of  studies  that  we  are  entering  into 
now  is  that  the  lighter-than-air  we  believe  starts  to  look  more  attrac¬ 
tive  when  vou  introduce  new  technology.  New  technology  means  new 
effort  and  additional  cost  and  we  are  ti^ng  to  be  sure  enough  of  our 
ground  so  that  if  we  enter  into  a  technology  development  effort  vre 
are  doing  it  because  we  know  the  demand  and  justifications  are  there. 

The  answer  to  your  question  is,  yes.  I  believe  that  lighter-than'^ir 
can  help.  What  we  want  to  find  out  is  where  it  can  help  and 
applications  and  what  type  of  vehicles  and  what  technology  we  could 
provide  that  would  help  with  the  development. 

Senator  Goijiwater.  Again,  Mr.  Kayten,  has  NASA  looked  attoe 
hybrid  proposed  by  the  Aereon  Corporation  of  Princeton,  New 
Jersey? 
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Mr.  Kattbk.  Yes  sir.  We  conducted  some  studies  of  our  own  on  s 
hybrid  which  is  veir  similar  to  the  Aereon  general  concept  some 
years  ago.  The  Goodyear  people  proposed  one  like  it  and  this  was 
one  of  the  conceptual  approaches  that  turned  some  of  us  on  about 
the  potential  of  ughter-than-air  or  semilighter-than-air.  The  hybrid 
does  offer  higher  payload  capability,  higher  speed,  higher  altitude, 
and  better  ground  handling  possibilities  and  a  number  of  the  things 
that  would  make  an  airship  more  feasible.  We  have  asked  in  the 
studies  that  we  are  about  to  undertake  that  that  be  one  of  the  t3^peB 
of  configurations  given  particular  study  by  the  study  contract. 

Soaator  Qouiwateb.  As  you  know,  as  you  gentlemen  have  demon¬ 
strated,  what  really  surprised  me  is  the  vaned  interest  in  lighter- 
than-air  in  this  country.  I  just  made  a  few  casual  remarks  a  few 
moments  ago  about  li^ter-than-air  and  I  am  already  a  member  of 
about  5  associations.  In  fact,  there  is  one  being  built  not  too  far 
from  my  home  in  Arizona  and  a  number  of  others  that  are  under¬ 
going  development.  So  I  hope  you  keep  up  with  it. 

One  last  question,  Mr.  Ka3rten.  Has  NASA  studied  the  circulation 
control  rotor  based  on  the  Coanda  effect? 

Mr.  Katten.  I  believe  we  have  some  people  working  with  the  Navy 
Department  in  testing  of  that  concept  at  the  NSRDC  facility,  and  we 
provided  some  technical  assistance.  I  do  not  recall  whether  we  ac¬ 
tually  did  any  of  our  own  testing.  We  did — I  think,  wh^_Mr.  Jones 
was  rtill  out  at  Ames,  we  tested  something  somewhat  similar  in  one 
of  these  cooperative  programs  with  one  of  the  French  helicopter  com¬ 
panies  but  it  was  not  quite  the  same  thing.  We  are  aware  of  it  and 
our  people  have  been  working  with  the  Navy  people  but  I  believe 
the  development  you  are  talkmg  about  has  been  worked  primarUy 
by  the  Naval  Air  Systems  Command,  if  it  is  the  one  I  think  it  is. 

Senator  GomwAHM.  They  are  coming  on  today.  I  have  not  seen  it. 
It  has  been  over  a  year,  and  I  have  not  kept  up  with  what  progress 
is  being  made.  I  wondered  if  NASA  had  their  hands  in  that  particu¬ 
lar  project. 

Mr.  Jones.  The  tests  conducted  at  the  Ames  Research  Center  were 
on  a  jet  flap  rotor  which  actually  used  a  jet  exhaust  at  the  trailing 
edge  of  the  blade. 

Senator  Gouiwater.  There  was  some  experimentetion,  I  believe, 
too,  of  that  same  effect  replacing  our  alternating  wing  flaps,  is  that 
correct? 

Mr.  Katten.  The  upper-surface  blown  wing  approach  to  propul¬ 
sive  lift  essentially  uses  that  principle. 

Senator  Gouiwater.  Gentlemen,  that  is  all  I  have,  Mr.  Chairman. 

The  Chaibhan.  Tliank  you.  The  Senator  from  Oklahmna,  do  you 
have  any  ^estions? 

Senator  Bartlett.  I  have  no  questions,  Mr.  Chairman. 

The  Chairman.  Thank  you  very  much,  gentlemen.  We  do  appre¬ 
ciate  it.  Dr.  Fletcher  and  Mr.  Jones  and  Mr.  Kayten.  It  wm  an  in¬ 
teresting  presentation  and  we  appreciate  being  updated  a  little.  We 
would  like  to  have  you  back  and  get  updated  some  more  very  soon. 
Thank  you. 
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[Prepared  f^tementa  follow:] 

Pbepabeo  Stateueht  or  B.  K.  Hoixowat,  Acmre  AaaoczAn  ADMunnnuiOB  roa 
Ajcionautics  ahd  Space  Tkchroloqt,  NASA 

1  welcome  the  opportunity  to  discuss  with  this  Committee  some  at  the  ad¬ 
vanced  aeronautic^  CQncq;>ts  which  may  affect  our  lives  in  the  foreseeable 
future.  I  have  with  me  Mr.  J.  Lloyd  Jones,  my  Deputy  for  Aeronautics,  and 
Mr.  Gerald  O.  Kayten,  Director  at  our  Study  and  Analysis  Office. 

In  the  70-year  history  of  powered  flight,  continuing  research  has  made  pos¬ 
sible  some  remarkable  improvements  in  the  effiMamy,  economy,  comfort,  and 

4  safety  of  flight.  BMearch  has  enabled  the  D.8.  to  maintain  world  leadership  in 

both  civil  and  military  aviation — a  position  now  being  threatened  by  increas¬ 
ingly  serious  foreign  competition.  The  statlatiGs  shown  in  Tlgute  1  illustrate 
the  importance  of  the  high-technology,  highly  competitive  field  at  air  transpor¬ 
tation. 

*  NASA  and  its  predecessor,  NACA,  have  contributed  a  major  share  of  the  aero¬ 

nautical  research  foundation  upon  which  the  nation’s  military  and  dvll  avia¬ 
tion  pre-eminence  has  been  built.  In  light  of  the  results,  the  cost  of  this  research 
has  been  quite  modest  The  investments  involved  in  a  single  major  aeronautical 
venture  such  as  the  Boeing  747  or  an  equivalent  military  inogram  can  easily 
exceed  3  billion  dollars.  The  aeronautical  exports  for  a  single  year,  as  shown 
in  Figure  1,  can  also  exceed  figure — which  is  considerably  greater  than  the 

total  spent  on  aeronautical  research  by  NASA  and  NACA  during  the  entire  60 
years  of  their  combined  existence. 

A  vigorous  national  program  of  aeronautical  research  and  technology  must 
be  maintained  in  view  of  the  pressures  of  international  competition  and  idUtary 
preparedness,  and  the  vital  concerns  for  energy  conservation  and  environmental 
protection  in  meeting  the  nation’s  long-term  air  transportation  needs. 

NASA’s  aeronautical  programs  provide  the  essential  technology  foundations, 
and  contain  the  seeds  from  which  we,  the  military  services,  and  the  industry 
evolve  a  variety  of  advanced  concepts.  These  concepts  constitute  options  for 
eventual  development.  Among  them  are  several  which  will  greatly  alter  the 
character  of  future  aviation  systems,  but  it  is  virtually  Impossible  at  this  time 
to  predict  which  will  actually  be  developed  and  produced.  This  will,  of  course, 
depend  on  the  demonstration  of  technical  feasibility,  but  it  will  depend  also  on 
a  combination  of  economic,  social,  military,  and  political  considerations  which 
will  determine  the  willingness  and  ability  to  finance  the  undertaking. 

Even  in  the  case  of  a  clear  technical  breakthrough,  it  is  difficult  to  judge 
where  and  how  a  new  concept  will  be  applied.  The  NASA  supercritical  wing, 
for  example,  was  originally  conceived  and  tested  as  a  means  of  achieving  d 
16-20%  Increase  in  jet  transport  cruise  speed,  to  approximately  Mach  1,  the 
speed  of  sound  (Figure  2).  Technical  feasibility  was  demonstrated  successfully, 
but  although  the  higher-speed  performance  is  being  considered  for  specialised 
combat  aircraft  and  business  jet  applications,  it  has  not  yet  been  found  suffi- 

*  clently  beneficial  economically  to  justify  its  general  adoption  lor  commercial 
transportation.  In  the  meantime,  however,  a  completely  secondary  benefit  of  the 
supercritical  wing  concept  has  emerged  as  an  extremely  Important  feature  and 
is  currently  being  utllis^  in  several  advanced  military  and  commercial  trans¬ 
port  designs.  In  this  alternate  application,  which  was  demonstrated  in  a  joint 

■"  NASA/Navy  flight  research  program,  the  wing  is  considerably  thicker  than  that 

required  for  near-sonic  speed.  Instead  of  the  speed  advantage,  the  thicker  super¬ 
critical  vrtng  permits  considerable  savings  in  weight,  cost,  and — ^most  signifi¬ 
cantly — ^fuel  (Figure  3).  Mr.  Jones  vrtll  discuss  this  and  other  fuel-conservation 
concepts  in  his  statement. 

Although  we  cannot  predict  with  confidence  where  the  advanced  concepts  will 
lead,  we  can  postulate  where  they  may  lead — and  we  think  the  prospects  are 
quite  exciting.  In  the  remainder  of  this  half  hour  we  will  review  some  of  the 
more  interesting  concepts  and  the  uses  to  which  they  may  be  put.  Since  you  will 
be  receiving  separate  military  testimony,  we  will  place  most  of  our  emphasis  on 
potential  civil  applications.  Mr.  Jones  will  cover  the  nearer-term  future,  in  which 
significant  improvements  in  the  familiar  forms  of  subsonic  air  transportation 
appear  possible.  Mr.  Kayten  will  address  the  more  speculative  and  farther  out 
future  possibilities.  We  will  then  be  pleased  to  answer  your  questions  or  to 
provide  additional  information  not  included  in  our  statemeilts. 
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Pbepabed  Statement  of  J.  Liats  Jones,  Depott  Associate  Adminibtbatoe 
(Aebonaotics),  oast,  NASA 

The  major  trends  In  aviation  over  the  next  two  decades  will  be  Influenced 
strongly  by  commitments  already  made  by  the  aircraft  operators  and  by  tech¬ 
nology  developments  now  under  way.  These  developments,  particularly  those 
undertaken  In  response  to  pressing  needs  such  as  energy  conservation  and  en¬ 
vironmental  Improvements,  will  lead  to  signlflcant  changes  In  the  relattvely 
near-term  future. 

Toward  the  end  of  the  century,  a  new  generation  of  civil  transports  will  be 
in  operation.  Most  of  the  wlde-body  jets  of  today  will  have  been  replaced  In 
trunk-line  service,  and  a  greatly  expanded  and  diverslfled  airline  market  will 
be  served.  Despite  the  temporary  setbacks  being  experienced  by  the  airlines,  it 
is  still  predicted  that  total  passenger  miles  flown  per  year  may  be  three  or  more 
times  the  current  trafBc,  even  in  the  face  of  somewhat  Increased  fares  and  Im¬ 
provements  in  alternate  transportation  modes. 

Air  transportation  will  continue  to  be  economical,  environmentally  acceptable 
and  socially  beneficial.  Aircraft  engines,  which  constitute  only  a  minor  factor 
in  pollution,  will  become  even  cleaner.  Noise  impact  on  a  community  will  be 
drastically  feduced  from  that  of  past  and  present  jet  aircraft.  Above  all,  the 
aircraft  will  be  fuel-conservative,  an  essential  feature  because  the  energy  short¬ 
age  and  fuel  costs  will  continue  to  be  issues  of  great  importance.  These  improve¬ 
ments  will  be  achieved  as  a  result  of  technology  advances  on  which  research 
is  now  In  progress. 

During  this  time  period,  advancements  are  expected  in  three  general  areas; 
operations,  short-haul  and  special-purpose  aircraft,  and  long-haul  transiiorts. 

A  major  element  In  future  aeronautics,  which  contributes  to  fuel  economy, 
noise  reduction,  congestion  relief,  and  safety,  is  a  new  approach  to  operations. 
Some  of  the  techniques  (Fig.  1,  see  page  7)  include  steep,  curved  approaches; 
reduced  separation  distances;  fewer  bolds  in  flight  and  on  the  ground;  and, 
improved  all  weather  operations.  The  two-segment  approach  now  being  intro¬ 
duced  in  limited  operations  is  the  forerunner  of  these  advanced  techniques.  In 
later  developments,  advanced  avionics  and  active  controls  will  permit  routine 
maneuvers  which  are  Beyond  the  capability  of  an  unaided  pilot,  especially  In 
exploiting  the  unique  terminal-area  haracterlstlcs  of  STOL  and  VTOL  aircraft. 
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Future  transports  (FIs.  2,  see  p.  8)  wlU  be  conflcured  tor  compatibility 
with  improved  terminal-area  operations.  A  recent  study  has  Identtfled  conceptual 
features  which  include  drag  brakes  for  steeper  approaches;  avionics  and  dis¬ 
plays  tor  precise,  efBcient  control  of  aircraft  movements,  hlgb-capacity  landing 
gear  for  quick  runway  tum-oflS;  and  several  methods  of  vortex  control — ^for 
example,  outboard  nacelle  placement  (effective  at  take-off),  specially  scheduled 
traillig-edge  flap  deflection  and  retractable  turbulence  generators  (both  effec¬ 
tive  at  landing). 

Vortices  generated  by  the  wings  of  large  airplanes,  which  have  been  described 
as  miniature  horizontal  tornadoes,  are  a  significant  factor  in  terminal-area 
congestion.  At  present,  they  cause  us  to  space  aircraft  landings  a  minimum  of 
3-5  miles  apart  as  a  safe^  precaution.  Good  progress  is  being  made  toward 
vortex  control  and  dissipation,  and  we  are  confident  that  the  separattons  re¬ 
quired  for  vortex  avoidance  can  be  reduced  to  1-2  miles.  Recent  smoke  testa  in 
the  Langley  vortex  test  facility  (Fig.  8,  see  p.  9)  provide  a  visual  display  of 
trailing  vortices  with  and  without  vortex  dissipation  devices. 

As  approach  and  landing  procedures  become  more  precise  and  tightly  sched¬ 
uled,  corresponding  improvements  will  be  made  in  cockpit  displays  (Fig.  4,  see 
p.  9)  and  automatic  landing  systems.  Augmentation  of  the  pilot’s  available 
information  and  reduction  of  his  workload  will  improve  both  energy  conserva¬ 
tion  and  safety. 

Short-haul  aircraft  will  be  particularly  benefited  by  operational  Improvements 
because  they  spend  so  large  a  portion  of  their  time  operating  in  the  terminal 
area.  The  advanced  propulsive-lift  concepts  being  pursued  for  short-haul  trans- 
IMrts  will  provide  the  performance  and  high  maneuverability  required  for  low- 
speed,  steep,  precise,  quiet  operations  in  the  terminal  area.  This  capability  also 
permits  the  use  of  shorter  runways.  The  combination  could  eliminate  costly 
delays  and  fuel  waste,  and  contribute  to  Improvement  in  overall  transport  sys¬ 
tem  efficiency.  Propulsive-lift  concepts  are  currently  being  incorporated  in  the 
Air  Force  YO-14  and  YC-16  (AMST)  prototype  designs  and  in  a  NASA  re¬ 
search  airplane  (Fig  5,  see  p.  10).  Results  of  flight  research  on  these  vehicles 
will  provide  the  basis  for  design  decisions  on  future  military  aircraft  and  dvll 
transports. 

Vertical  Take-Off  and  Landing  (VTOL)  aircraft  of  the  future  will  combine 
vertical  ascent  and  descent  capability  with  more  efficient  horizontal  flight  than 
is  possible  with  today’s  helicopters.  Apart  from  considerable  Improvement  possi¬ 
ble  in  the  helicopter  itself,  two  concepts  appear  quite  promising  for  toture 
application — ^the  tilt-rotor  and  the  lift-fan. 

In  the  tilt-rotor  concept  (Fig.  6,  see  p.  11),  the  aircraft  operates  as  a  con¬ 
ventional  helicopter  in  vertical  take-off  and  landing  but  attains  high-speed  flight 
on  wing  lift,  tilting  the  large  rotos  to  act  as  propellers.  In  the  lift-fan  concept 
(Fig.  T,  see  p.  11),  gas  generators  are  used  to  drive  vertical-axis  fans  in  the 
nose,  and  perhaps  also  in  wing  tip  pods,  for  STOL  and  VTOL  operation.  Hori¬ 
zontal-axis  fans  are  used  for  cndse  thrust,  wiOi  nozzles  to  divert  the  thrust 
downward  for  takeoff  and  landing.  The  first  applications  of  VTOL  aircraft  will 
probably  be  military,  to  satisfy  a  number  of  advanced  tactical  and  logistic 
mission  needs.  Civil  applications  may  provide  efficient  and  rapid  access  to  such 
remote  locations  as  off  shore  oil  rigs  and  wilderness  sites. 

The  next  generation  of  long-haul  transports  must  be  designed  for  economical 
operation  at  fuel  costs  predicted  to  be  more  than  three  times  the  pre-1978  level. 
They  will  use  only  one-third  to  one-half  as  much  fuel  per  available  seat  mile 
as  the  aircraft  they  replace.  Current  studies  are  evaluating  the  fuel-saving 
benefits  of  advanced  transport  design  features  (Fig.  8,  see  pp.  12.  37).  Designed 
for  present-day  subsonic  cruise  speeds  (Mach  No.  =  0.8),  the  aircraft  .sketched  in 
this  figure  combines  many  of  these  features.  It  utilizes  supercritical  wing  tech¬ 
nology  to  reduce  both  drag  and  weight  by  permitting  a  higher  aspect  ratio,  less 
sweep  and  thicker  airfoil  sections.  Composite  materials  are  ns^  extensively, 
providing  a  significant  weight  reduction.  Acttve  controls,  fast  acting  and  com¬ 
puter  coordinated,  will  allow  reductions  in  inherent  aerodynamic  stability  and 
In  loads  Imposed  on  the  structure,  thereby  reducing  both  weight  and  drag. 
8mall  wlnglets  (or  vortex  diffusers)  mounted  at  the  wing  tips  r^uce  the  lift- 
induced  drag.  Removal  of  part  of  the  boundary  layer  on  the  wing  and  tail 
surfaces  through  porous  or  slotted  skins  maintains  extensive  regions  of  laminar 
flow  with  a  dramatic  skin-friction  drag  reduction.  The  turbulent  skin-friction 
drag  of  the  fuselage  is  reduced  by  Iniecting  air  through  slots  into  the  boundary 
layer.  The  fuselage  boundary  layer  is  ingested  into  the  aft-mounted  engine  in 
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Figure  8 


a  way  which  provides  an  efficient  source  of  injection  air.  The  design  features 
intended  to  reduce  skin  friction  have  the  potential  of  great  benefits  in  fuel  con¬ 
servation,  but  will  require  considerably  more  te^nology  development  than  the 
other  features  shown. 

Fuel-conservative  engines  will  incorporate  advances  in  the  technology  of  com¬ 
pressors,  turbines,  Inlets,  nozzles,  seals,  combustors,  fuels  and  lubricants  and 
some  (in  later  models)  will  use  advanced  cycles,  including  features  such  as 
regenerators,  A  drastic  reduction  in  engine  size  will  accompany  the  change  from 
curroit  engines  (Figure  9,  see  p.  13  upper  engine)  to  a  fuel-conservative,  ad¬ 
vanced-technology  turbofan  of  conventional  cycle  (Figure  9,  center  engine).  In¬ 
stalled  weight  reductions  and  overall  efficiency  gains  combine  to  produce  an 
effective  fuel-consumption  drop  of  15  percent.  One  concept  of  an  energy- 
conservative  advanced-cycle  engine  (Figure  9,  see  p.  18  lower  engine)  incorpo¬ 
rates  a  regenerator,  which  uses  exhaust  heat  to  raise  the  combustor  inlet  tem¬ 
perature.  This  engine  is  predicted  to  use  30  percent  less  fuel  than  the  current- 
technology  turbofan  engine.  New  engines  will  utilize  advanced  engine  compo¬ 
nents  and  will  be  significantly  quieter  and  cleaner  than  current  engines. 

One  important  concept  affecting  the  evolution  of  all  future,  hlgbly-effident 
aircraft  is  the  use  of  computer-aided  design  methods,  utilizing  the  powerful 
computer  capabilities  now  coming  into  operation  (Figure  10).  Combined  with 
advanced  wind  tunnel  facilities,  these  advanced  analytical  techniques  permit 
extensive  early  exploration  and  optimization  of  design  alternatives,  reduced 
trial-and-error  in  development,  closer  approaches  to  design  criteria  and  margins 
and,  consequently,  reduced  cost. 

This  brief  look  at  aeronautics  in  the  late  20tb  Century  suggests  that  impor¬ 
tant  changes  resulting  from  advancements  in  aeronautical  technology  will  make 
possible  considerable  improvements  in  the  more  famUiar  forms  of  military  and 
commercial  aircraft.  Complementing  these  evolutionary  improvement  options, 
and  in  some  instances  competing  with  them,  will  be  a  number  of  advances  along 
less  conventional  lines,  some  of  which  will  be  discussed  next  by  Mr.  Kayten. 

Pbepabed  Htatement  of  Oebapo  G.  Eattkn,  Dibxctok,  Stput  Aim  Aualtsib 

Office  (OAST),  NASA 

As  Mr.  .Tones  has  indicated,  we  can  expect  considerable  Improvement  in  con¬ 
ventional  air  transportation  systems  during  the  19S0’s  and  1990’8.  In  addition, 
a  number  of  more  radical  departures  from  the  conventional  systems  can  be  en¬ 
visioned.  Some  of  these  advanced  concepts  could  be  developed  concurrently  with 
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the  Improved  traditional  types;  others  are  probably  much  farther  Into  the 
future.  All  of  them  are  credible  options  which  are  considered  to  be  technically 
feasible. 

One  of  the  primary  measures  of  a  transportation  system’s  merit  Is  the  product 
of  the  payload  and  the  distance  It  Is  carried  In  a  given  time  Interval.  On  the 
basis  of  this  productivity  criterion  alone,  supersonic  transportation  appears  In¬ 
evitable,  whether  or  not  the  first-generation  European  entries  prove  economically 
successful.  When  development  of  an  American  supersonic  transport  is  under¬ 
taken,  it  will  have  to  offer  large  advantages  over  the  most  advanced  subsonic 
Jets,  and  over  the  Initial  and  Improved  versions  of  the  Concorde  and  the  TT7- 
144,  In  order  to  compete  successfully  on  the  world  market.  It  will  also  have  to 
overcome  the  environmental  concerns  which  figured  in  cancellation  of  the  origi¬ 
nal  SST  prototype  program.  We  believe  that  the  supersonic  cruise  aircraft 
research  now  in  progress  could  lead  to  a  second-generation  SST  with  at  least 
a  100%  Increase  in  payload  cajMblllty,  a  25-30%  increase  in  range,  and  a  26% 
Increase  In  speed  relative  to  the  Concorde,  with  noise  levels  well  below  current 
federal  regulations,  and  with  objectionable  engine  emissions  reducer  by  90-95% 
relative  to  present-day  engines. 

The  optimistic  predictions  are  based  on  several  new  conceptual  approaches 
which  were  not  far  enough  along  when  the  first-generation  d^gns  were  being 
solidified,  and  which  still  require  considerable  work  to  assure  technology  readi¬ 
ness.  These  Include,  for  example,  the  arrow-wing  planform  and  the  “blended” 
configuration  (Figure  1,  see  p.  15)  which  offer  considerable  increases  In  aero¬ 
dynamic  efSciency  compared  with  the  more  familiar  delta  shapes  (Figure  2, 
see  p.  15).  Interest  in  these  refined  aerodynamic  shapes  has  bmn  spurred  by 
new  structural  concepts  which  have  Increased  our  confidence  that  the  configura¬ 
tions  can  be  designed  for  practical  manufacture.  The  arrow  wing,  incidentally, 
has  the  additional  advantage  of  spreading  the  lift  over  a  longer  length  and 
thereby  reducing  sonic  boom  effects.  The  advanced  supersonic  design  concepts 
also  include  the  use  of  propulsive  lift  to  enhance  the  wing  lift  for  low-speed 
performance  Improvement  and  noise  reduction  (figure  3,  see  p.  16),  and  the  use 
of  a  totally  new  variable  cycle  engine.  The  variable  cycle  engine,  which  Is  still 
in  the  early  study  stage  and  requires  extensive  technical  development,  is  an 
essential  new  feature.  The  concept  Is  somewhat  similar  to  that  of  the  variable- 
sweep  wings  used  on  supersonic  combat  aircraft.  Here  the  internal  engine  ge¬ 
ometry,  rather  than  the  wing  geometry.  Is  altered  to  vary  the  engine  airflow  as 
a  function  of  flight  speed.  Operating  in  a  sense  as  a  gear  shift,  the  variable 
cycle  permits  effective  low-noise  operation  for  takeoff  and  landing  "while  still 
maintaining  high  efficiency  for  supersonic  cruise.  Lastty,  the  new  configurations 
will  gain  additional  performance  through  the  weight  savings  achieved  by  use 
of  the  active  controls  concept.  In  the  supersonic  applications,  the  active  con¬ 
trol  may  Include  vectored  thrust  as  well  as  aerodymunic  control  surfaces. 

Despite  the  anticipated  sonic  boom  reduction,  the  advanced  supersonic  con¬ 
figurations  will  still  probably  be  restricted  to  subsonic  flight  over  land.  For 
certain  dvll  or  military  missions,  “slightly”  supersonic  siweds,  producing  no 
sonic  boom  effects  at  all,  may  prove  necessary  or  highly  desirable.  The  obllque- 
wlng  concept  (Figure  4,  see  p.  17),  offers  an  interesting  option  for  such  appli¬ 
cations.  providing  both  drag  and  weight  benefits  relative  to  symmetrically  swept 
wings  designed  for  the  same  requirements.  In  low-speed  flight,  the  vrlng  Is  ro¬ 
tated  to  operate  as  a  conventional  unswept  wing  vrtth  Its  Inherent  low-speed 
performance  and  safety  advantages.  The  obliqne-wlng  Is  also  being  studied  to 
determine  whether  it  offers  significant  benefits  in  subsonic  applicattons. 

Apart  from  the  fuel  conservation  concepts  discussed  by  Mr.  Jones,  NASA  and 
the  military  services  are  exploring  the  use  of  synthetic  hydrocarbon  fuels.  In 
addition,  the  use  of  liquid  hydrogen,  or  possibly  liquid  methane,  as  an  alternate 
fuel  is  being  considered  for  both  subsonic  and  supersonic  aircraft.  Depending  on 
the  cost  and  energy  required  to  produce  them,  the  liquified  gases  could  be  of 
interest  as  a  means  of  reducing  dependence  on  petroleum  and  other  fossil  fuel 
sources.  If  the  hydrogen  can  be  carried  internally,  the  subsonic  hydrogen-fueled 
transport  (Figure  5,  see  p.  17)  will  not  appear  much  different  from  a  conven¬ 
tional  hydrocarbon-fueled  design,  and  the  high  energy  content  of  the  hydrogen 
will  actually  result  In  some  weight  and  performance  advantages.  If  the  ex- 
temal-pod  arrangement  Is  selected  for  safety  reasons,  the  performance  will  be 
somewhat  degraded.  In  a  supersonic  design  (Figure  6,  see  p.  18),  the  configura¬ 
tion  again  appears  conventional,  and  the  performance  Improvement  is  even  more 
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ttignlflcant.  Substantial  technical  effort  Is  required  to  assure  adequate  tbennal 
protection  and  stren^  in  lightweight  fuel  tanks,  but  from  the  standpoint  of 
the  airplane  and  engine  design,  the  cryogenic  fuel  concepts  appear  entlrdy 
feasible.  The  more  formidable  technolt^  problems  lie  in  the  system  snivort 
areas  of  economical  hydrogen  production,  liqncsfaction,  distribution,  storage,  and 
handling. 

Perhaps  the  greatest  air  transport  growth  in  the  future  will  occur  in  the  air 
freight  field,  where  even  the  most  conserratlre  projections  indicate  a  trmnen- 
dous  increase  in  demand  toward  the  end  of  the  century.  This  increase  will  neces¬ 
sitate  considerable  new  development,  and  several  of  the  advanced  concepts  now 
being  studied  are  directed  at  the  cargo  requirement.  The  advanced  cargo  vehhfie 
concepts  are  influenced  by  the  need  for  compatibility  with  advanced  handling 
concepts  in  containerisation,  automation,  and  computerised  control  which  vrill 
serve  advanced  surface  systems  as  well  as  air  modes. 

The  projected  demand  growth,  the  large  sise  and  weight  of  some  of  the  anttct- 
pated  cargo  units,  the  handling  conslderatlonB,  and  the  advantages  of  scale  all 
suggest  the  eventual  development  of  very  large  air  vehicles  that  will  dwarf  the 
largest  wlde-body  transports  flying  today.  The  sise  alone  will  present  a  number 
of  technology  problems,  even  if  the  vehicles  are  relatively  conventional  airplanes. 
If  systems  and  economic  studies  indicate  that  unconventional  aircraft,  or 
surface-effect  machines,  or  airships  offer  attracttve  altemattves  for  either  gen¬ 
eral  transportation  or  Important  unique  applications,  the  required  tedmology 
preparation  may  be  still  more  extensive.  For  example,  preliminary  study  indi¬ 
cates  that  one  potentially  attractive  and  productive  airship  concept  may  be  a 
Totally  new  form  of  vehicle,  a  hybrid  in  which  the  lift  developed  from  buoyancy 
is  sut^lemented  by  aerodynamic  lift,  or  propulsive  lift,  or  both.  To  assess  the 
technology  needs  NASA,  DOT,  and  the  military  services  are  conducting  studies 
of  the  cargo  requirement  and  the  various  alternative  approaches  to  meeting  it. 
The  NASA  studies  Include  consideration  of  llghter-than-air  and  semi-buoyant 
vehicles  as  well  as  conventional  aircraft. 

The  large  cargo  aircraft  may  carry  most  of  its  load  and  its  fuel  in  the  wing 
rather  than  in  the  body  (Figures  7  &  8,  see  pp.  19, 20).  This  flexibility  in  load  dis¬ 
tribution  is  one  of  the  benefits  of  large  sise,  and  permits  major  savlngB  in  struc¬ 
tural  weight  since  the  distributed  load  balances  the  aerodynamic  lift  forces  on 
the  wing.  The  result  is  a  potential  payload  Increase  on  the  order  of  60  percent, 
with  a  corresponding  decrease  in  operating  cost  and  fuel  per  ton-mile.  Other 
advanced  concepts  being  considered  (Figure  9,  see  p.  20)  include:  coupled  air¬ 
craft  in  which  the  efficiency  and  distributed  span-loading  of  the  large  wing  are 
obtained  by  in-flight  combination  of  individual  smaller  units  which  may  operate 
from  independent  terminals;  tandem  aircraft  in  which  the  large  loads  are  car¬ 
ried  in  the  body  but  support^  by  two  wings ;  and  large,  conventional,  low-speed 
airplanes  in  which  advanced  t^hnology  is  deliberately  avoided  in  favor  of 
design  simplicity  and  low  manufacturing  cost. 

Although  no  active  effort  is  currently  under  way  toward  nuclear-powered 
aircraft,  the  trend  toward  very  large  size,  large  payload  requirements,  and 
long  range,  together  with  the  fossil  fuel  shortage  concerns,  could  very  conceiv¬ 
ably  lead  to  a  revival  of  Interest  in  nuclear  power,  particularly  if  a  military 
ne^  emerges  for  missions  of  extremely  long  durations. 

As  General  Holloway  stated,  our  emphasis  in  this  statement  has  been  pri¬ 
marily  on  civil  air  transportation  concepts.  Much  of  NASA's  effort,  of  course, 
is  devoted  to  generating  technology  in  support  of  military  requirements.  One 
of  these  efforts  is  directed  at  developing  concepts  for  substantial  improvmnents 
in  advanced  fighter  maneuverability  (Figure  10,  see  n.  21).  We  have  been 
working  toward  perfecting  the  techniques  of  remotely  piloted  research  vehicles 
(RPRV’s),  to  minimize  cost  and  risk  in  flight  testing  selected  high  combat 
inaneuverablllty  design  concepts.  At  the  same  time,  the  military  services  are 
experimenting  with  remotely  piloted  vehicles  (RPys)  for  missions  such  as 
battlefield  surveillance.  It  is  possible  that  RPWs  may  in  the  future  be  found 
useful  for  specialized  civil  applications  such  as  monitoring  of  severe  storms, 
forest  fire  detection,  fire  fighting,  disaster  assistance  and  remote  area  deliveries. 

The  hypersonic  transport  can  be  envisioned  as  a  follow-on  or  perhaps  even  an 
alternative  to  the  second-generation  supersonic  flight.  Operating  at  three  times 
the  speed  of  Concorde — or  about  eight  times  the  sp^  of  today’s  jet  transports— 
and  capable  of  very  long  ranges,  the  hypersonic  transport  could  be  of  Interest 
in  an  era  of  increased  Fast-West  and  African  trade.  Hypersonic  transports 
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wottM  <qwnite  at  extremely  high  altitudes  and  use  liquid  hydrofea  fnaL  Wltti 
respect  to  enrlroiunental  considerations,  the  altitude  Increase  slgnifleantly  re¬ 
duces  sonic  boom  effects  on  the  ground  and,  although  the  hydrogen  fuel  may 
present  a  water  vapor  problem,  it  contains  no  hydrocarbon  p<dlntants. 

At  first  glance,  the  hypersonic  airplane  (Figure  11,  see  p.  22)  looks  quite 
similar  to  a  supersonic  vehicle.  Actually,  there  are  some  major  differences  udddi 
account  both  for  the  q)ectacnlar  performance  and  the  tedinologlcal  risk.  The 
airifiane  la  powered  not  by  a  conventional  turbojet  or  tnrbofan  engine,  but  by  a 
supmeonic-combustlon  ramjet  (Figure  12,  see  p.  22)  integrated  into  the  struc¬ 
ture.  Because  of  the  very  high  (light  sp^s,  the  structure  must  be  cooled  by 
dreulatlng  liquid  through  tubes  embedded  in  the  external  skin,  depending  on 
the  large  cooling  capad^  the  liquid  hydrogen  to  remove  the  heat  Hypenmile 
research  engine  testa  have  been  conducted  successfully  in  the  laboratory;  a 
possible  fiigbt  research  program  to  further  the  devdopment  of  the  hypersonic 
cruise  (Ui^t  concepts  is  currently  being  considered  Jointly  by  NASA  and  tte 
Air  Force. 

In  the  much  more  distant  future,  there  exists  the  posslUlity  of  seml-dlobal, 
or  Bub^rUtal,  rocket-propdled  transports  which  could  evolve  concurrently  wlfli 
fnrthn  advances  in  space  transportation — ^that  is,  with  eventual  develt^ent 
of  a  fully  reusable  successor  to  tlm  Space  Shuttle  astern. 

In  this  brief  session  we  have  reviewed  only  some  of  the  potential  new  devel- 
mnnents  in  aeronautics.  We  have  covered  them  only  sketchily,  and  we  have  not 
discussed  any  of  the  research  and  technology  programs  which  will  make  these 
advances  po^Ue.  We  will  be  pleased  to  provide  additional  pertinent  informa¬ 
tion  as  required. 

The  Chaibscan.  We  will  now  hear  from  representatives  of  the 
Navy,  Vice  Admiral  W.  J.  Moran,  Director  of  Navy  Research,  De¬ 
velopment,  Test  and  Evaluation,  in  the  Office  of  the  Chief  of  Naval 
Operations;  accompanied  by  Mr.  William  Eoven,  Director  of  Ad¬ 
vanced  Aircraft  Development  of  the  Naval  Air  Systems  Command. 

We  are  pleased  to  have  you  before  us.  Admiral  Moran  and  Mr. 
Koven,  and  look  forward  very  much  to  your  testimony. 
[Biographies  of  Admiral  Moran  and  Mr.  William  Koven  follow :] 

BioouAraT  or  Vice  Admibal  J.  Mouak,  UioTEn  States  Navt 

William  Joseph  Moran  was  bom  in  Burlingame,  California,  on  July  20, 1919, 
son  of  William  J.  and  Anna  Field  Moran.  He  attended  Santa  Rosa  Junior  Col¬ 
lege  and  the  University  of  Nevada,  graduating  from  the  latter  with  the  degree 
of  Bachelor  of  Arts.  He  began  naval  service  on  Febraary  19,  1941,  had  pre-flight 
training  at  the  Naval  Reserve  Aviation  Base,  Oakland,  California,  and  flight 
training  at  the  Naval  Air  Station,  Corpus  Christi,  Texas.  Designated  a  Naval 
Aviator,  he  was  commissioned  Elnsign  in  the  U.S.  Naval  Reserve  on  December 
24,  1041,  shortly  after  the  outbreak  of  World  War  II  that  month.  Through  sub¬ 
sequent  advancement  and  his  transfer  from  the  Naval  Reserve  to  the  U.S.  Navy 
in  1946,  he  attained  the  rank  of  Vice  Admiral,  to  date  from  December  1,  1972. 

Assigned  from  January  through  March  1942  to  the  Advanced  Carrier  Train¬ 
ing  Group,  San  Diego.  California,  he  had  instruction  with  a  similar  group  at 
Norfolk,  Urginia,  the  next  two  months  and  in  June  reported  to  Fighting 
Squadron  Three,  based  on  the  USS  Hornet  (CVA-8),  He  later  served  with 
Fighting  Squadron  Seventy-Two,  based  on  that  carrier  and  subsequently  on  the 
USS  Nataau  (CVE  16).  He  was  awarded  the  Distinguished  Flying  Ciross,  a 
Gold  Star  in  lien  of  a  second  similar  award,  and  two  Air  Medals  for  outstand¬ 
ing  service  with  that  squadron. 

The  first  DFC  was  for  “extraordinary  achievement  in  aerial  combat  as  a 
Pilot  of  the  USS  Hornet  Air  Group  during  action  against  enemy  Japanese 
forces  in  the  Solomon  Islands  Area,  October  IS,  1942  . . .”  The  second  DFC  was 
awarded  for  completing  his  twentieth  mission  during  the  Battle  of  Santa  Cruz 
and  in  the  vicinity  of  Guadalcanal,  Solomon  Islands,  from  October  14  to  26, 
1942 ;  and  the  Air  Medals  were  for  five  missions  each  during  operations  against 
the  Japanese  enemy  forces  in  the  Solomon  Islands  from  September  18  to  Octo¬ 
ber  5, 1942,  and  from  February  6  to  20, 1943,  respectively. 

Upon  his  return  to  the  United  States  in  April  1948,  he  was  ordered  to  the 
Naval  Auxiliary  Air  Station,  Green  Cove  Springs,  Florida,  as  an  Instructor. 
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He  reoudned  tbere  ontU  Aucnst  1S44.  then  retimed  to  the  FnelAe  Area  to  eenre 
ttoongboat  the  letter  porlod  of  the  war  aa  (^eratlima  (Mtor  and  Baecnttre 
OIBcer  of  Fishtliig  Squadron  Thn  and  Boaeblnc-Figbtlnf  Squadron  Ten,  baaed 
on  the  USS  Intrepid  (OV-11).  For  extraordinary  achievmant  while  aerrlnc 
with  tbeee  aquadrona,  he  waa  awarded  Gold  Stare  In  lien  of  another  Dlatln- 
Kolabed  riylnc  Croaa  and  two  additional  Air  rfoateia- 

IMlered  of  actlTe  dnty  on  December  27,  1845,  he  remained  in  InaetlTe  atatna 
In  the  Naval  Beaenre  nntU  hla  appointment  In  the  regular  Navy,  then  reported 
in  January  1847  to  Commander  Carrier  Dlvlakm  Seventeen.  He  served  tor  tour 
montha  aa  Aaalatant  Operatlona  OSoer  on  that  Staff,  and  during  the  period 
June  1847  to  December  1848  waa  Aaalatant  Operattona  OAoer  on  the  Staff  of 
Commander  Fleet  Air,  Alameda.  He  waa  a  atudent  at  the  General  line  Sdiool, 
Monterey,  California,  fnnn  January  through  December  1848,  after  which,  from 
January  1860  until  February  1862  be  served  aa  Operations  Officer  and  Aaalatant 
Bxperlmmitat  Officer  at  the  Naval  Ordnance  Teat  Station,  Inyokem,  OsUfomia. 

Whmi  detached  be  became  Project  Officer,  and  later  served  as  Operations  Ot- 
fleer  ot  Compoeite  Squadron  Tt^,  and  from  February  1958  until  July  1964 
was  Commanding  OCBrar  of  Fighter  Snqadron  Twmty-three,  baaed  on  the  DBS 
Bteee  (CVA-8)  and  operadag  In  the  Korean  Area.  Upon  his  return  to  the 
United  States  he  was  ordered  to  the  Naval  War  College,  Newport,  Rhode  Island, 
where  he  completed  the  Command  and  Staff  Course  in  June  1866.  That  month 
he  was  assigned  to  the  Naval  Ordnance  Test  Station,  China  Lake,  Callfomla. 
where  he  remained  for  more  than  three  years  as  Assistant  Experimental  OfBcer. 

From  October  1868  until  November  1^  he  served  as  Weapons  Offtoer  on  the 
Staff  of  Commander  Naval  Air  Force,  Atlantic,  and  for  fourteen  months  there¬ 
after  was  Executive  Officer  of  the  USS  Sttee  (OVA-8).  In  February  1061 
be  began  a  tour  of  duty  as  Naval  Aide  to  the  Assistant  Secretary  of  the  Navy 
(Research  and  Development),  Navy  Department,  Washington,  D.C. 

August  1864  he  reported  for  instruction  at  the  National  War  College, 
Washington,  D.C.,  and  after  completing  the  course  there  in  June  1866,  assumed 
command  of  the  USS  Rainier  <AB-5).  In  August  1867  he  became  Commander 
Antlsnlunarine  Warfare  Group  Three  and  “for  exceptionally  meritorious  service 
from  June  to  October  1868  ,  .  In  that  capacity  was  awarded  the  Legimi  of 
Merit. 

In  November  1968  he  reported  as  Director  of  the  Navy  Space  Program  Divi¬ 
sion,  Office  ot  the  Chief  of  Naval  Operations,  Navy  Department.  As  snCb,  he 
provided  for  the  exploitation  ot  space  systems  to  fnmlsb  solutions  to  many 
operational  problems  and  advanced  the  system  in  the  fields  of  satellite  com¬ 
munications.  ocean  surveillance  satellite  navigation  and  meteorology.  He  was 
awarded  a  Gold  Star  In  lieu  of  the  Second  Legion  of  Merit  “for  exceptionally 
meritorious  service  .  .  in  that  assignment.  In  October  1970  he  beeme  Com¬ 
mander  of  the  Naval  Weapons  Center,  China  Lake,  California  and  in  December 
1972  assumed  duty  as  Director  of  Research,  Devel^ment,  Test  and  BvalnaUon, 
Office  of  the  Chief  of  Naval  Operations,  Navy  Department. 

In  addition  to  the  Legion  of  Merit  with  Gold  Star,  the  Dlstlngulslied  Flying 
Cross  with  two  Gold  Stars,  and  the  Air  Medal  with  three  Gold  Stars,  l^ce 
Admiral  Moran  has  the  Presidential  Unit  Citation  Rlbbcm  for  the  award  to 
First  Marine  Division  (IMnforced)  for  World  War  II  service  ((Guadalcanal) 
and  the  Meritorious  Unit  Onnmendatloa  awarded  the  USS  Bennington.  Ete  also 
has  the  American  Defense  Service  Medal ;  American  Campaign  Medi^  AMatlc- 
Paclflc  Campaign  Medal  with  four  operation  stars;  World  War  a  Vtetory 
Medal;  Navy  Occupation  Service  Medal,  Asia  Clasp;  China  Service  Medal;  Na¬ 
tional  Defense  Service  Medal  with  bronse  star ;  Korean  Itervice  Medal ;  United 
National  Service  Medal  and  the  Vietnam  Service  Medal.  He  also  baa  ^  Viet¬ 
namese  Navy  Distinguished  Service  Order  Second  Class  and  the  Republic  ot 
Vietnam  Campaign  Medal  with  Device. 

Vice  Admiral  Moran  and  his  wife,  the  former  Ruth  Eleanor  Nelson  ot  St 
Croix  Fall.  Wisconsin,  have  three  daughters,  Margaret  B.,  Christine  B.  and 
Mary  Louise  Moran.  His  official  residence  is  1840  Nixon  Avenue,  Reno,  Nevada. 


Bioobapht  or  William  Rovxit  (Naval  Air  Ststxus  CoMMAim) 

Mr.  Koven  received  a  Bachelor  of  Science  Degree  in  Aeronautical  Engineering 
in  1844  and  has  taken  numerous  postgraduate  courses  in  aeronautical  engineer¬ 
ing  as  well  as  In  management.  His  early  experience  was  obtained  at  the  Langley 
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Memorial  Aeronautical  Laborattwy  tbo  Natkmal  Adrlaoty  Oeauulttee  for 
Aeronautics  (NACA)  wbere  be  waa  eufageil  in  reaeareb  work  on  alreraft  il|1af 
qualitiea  and  awept  wing  aerodgnamlca  from  iM4-1048.  He  left  NAOA  in 
to  Join  tbe  aerodynamic  ataff  of  tbe  CAA  from  wbenee  be  Joined  tbe  Navy  De- 
parteent’a  Bureau  of  Aenmautica  in  19M.  He  baa  been  with  tbe  Burean  of 
Aeronautica  and  ita  ancceaaora,  tbe  Bureau  Naral  Weaptma  and  tbe  NaTal 
Air  Syatenu  Command  alnce  1M0  except  for  a  abort  atint  in  U66  aa  aerody¬ 
namic  ccmaultant  to  tbe  U8AF  Directorate  of  Flight  Safety  at  Norton  Air  Fn«e 
Baae.  Hia  recent  poaitiona  with  tbe  Naval  Air  Syatema  Command  Indude  COilcf 
of  Aerodynamka,  Tecbnoloo  Adminlatrator  for  Aerodynamica,  Structurea  and 
Materiala.  and  Director,  Ofioe  of  Advanced  Aircraft  Development 
Mr.  Koven  baa  aerved  on  numerona  Teebnical  Commltteea  of  tbe  American 
Inatitute  ot  Aenmautica  and  Aatronantica  and  tbe  American  Hdleopter  Society. 
In  tbe  paat  be  aerved  <m  a  number  of  NAGA/NASA  reaeareb  adviaory  anbeom- 
mitteea  and  preaently  ta  a  member  ot  the  NASA  Beeearch  and  Teduklogy  Ad- 
vlacny  Committee  on  Aeronautica.  He  la  alao  tbe  Navy  member  ot  the  Fll|d>t 
Mecbanlca  Panel  of  AOABD.  Hla  awarda  indnde  tbe  Navy  Superior  OivlBiui 
Service  Award  and  a  special  commendation  from  the  FAA  for  bis  eervicea  aa 
Aasodate  Technical  Director  of  the  llrat  Supersonic  Transport  Bvalnatlon. 

STATEMSnr  OF  VICE  ADM.  W.  7.  MOAAM,  USD  DisSCIOB,  MATT 
BI8EAXCH,  DEVBLOFMXIT,  TEST  AMD  EFALDATIOM,  AOOOM- 
PAMIED  BT  THE  FOLLOWDTO  MAYAI  AID  8TSTEM8  COMMAMD 
FEB80M1EI:  WILLIAM  ZOVEH,  DIBECTOB,  ADYAMCED  AIZCZAFT 
DEYELQFMEHT;  GAPT.  A.  A.  8CHATJFELSESOES,  DSM,  FEOJECT 
MAHAOltlt,  TEZirST  ATOMEHTED  WIMO,  Y/8T0L;  T.  F.  ZEAEH8, 
TECEMOLOOT  ADMIMI8TEAT0E,  AES0DTHAMIC8,  fiTEDCTDEES 
AMD  MATEBIAL;  E.  A.  UCHMAM,  A8SISTAMT  TECEMOLOOT  AD- 
MIMI8TEAT0S  FOE  ADYAMCED  AIE  BEEATHIMO  EMOIME8;  E.  0. 
FEEXnra,  AIECEAFT  COMCEFTS  MAMAOEE  AMD  E.  F.  SIEWEET, 
A8SISTAMT  TECEMOLOOT  ADMIMISTEATOE  FOE  AEEODTMAMICS 

Admiral  Moran.  Good  morning  Mr.  Chairman. 

The  Chairkan.  Good  morning.  Yon  may  proceed,  sir. 

Admiral  Moran.  It  is  a  pleasure  to  be  here.  We  appreciate  the  op¬ 
portunity  to  tell  this  committee  about  some  of  the  concepts  and  tech¬ 
nologies  currently  under  exploration  or  development  m  the  Navy 
today.  They  are  efforts  that  we  hope  will  provide  us  with  more  capa¬ 
ble  aircraft  tomorrow. 

Current  Navy  aircraft  possess  remarkable  capabilities  that  have 
become  routinely  accepted  such  as  speeds  greater  than  Mach  2,  all- 
weather  inteix^t,  long-rai^  missiles,  and  remarkably  enable  avi¬ 
onics  systems,  '^ey  are  designed  and  built  to  operate  continuously  in 
the  environment  of  ships  at  sea. 

These  aircraft  of  today  have  grown  from  past  exploratoiy  wid  de¬ 
velopment  efforts,  and  in  the  atmosphere  of  not  always^  being  too 
certain  about  the  application  of  a  specific  technology.  Similarly,  it 
is  probable  that  some,  but  not  all,  of  the  work  being'  done  today  will 
provide  the  base  of  technology  for  tomorrow’s  aircraft. 

Further,  some  concepts  and  Philologies  may  find  earlier  applica¬ 
tions  than  others.  This  is  the  nature  of  B.  A  D.  and  rraults  partly 
from  technical  uncertainties  and  partly  because  the  precise  direction 
of  future  aviation  is  difficult  to  pPiict.  For  these  reasons  our  R.  A  D. 
programs  are  stnictured  to  provide  us  with  a  wide  range  of  options 


43 


To  cover  a  broad  range  of  technolo^  options  is  costly;  therefore, 
where  we  share  common  interests  with  the  AF,  Army,  FAA  or 
NASA,  we  attempt  to  enter  into  joint  R.  &  D.  programs.  In  addition, 
we  look  to  NASA  as  the  key  source  of  basic  aeronautical  teaearch  and 
technology,  reserving  our  resources  for  problems  and  projected  needs 
unique  to  the  Navy.  We  try  to  avoid  duplicating  work  going  on  else¬ 
where.  We  do  try  to  expand  up<m  and  exploit  where  possible  the  ef¬ 
forts  of  other  Government  agencies  and  the  aeronautical  industry. 

Looking  to  the  future,  one  likely  trend  is  an  expanded  air-capa¬ 
bility  in  the  Navy.  Aircraft  can  be  used  to  extend  and  enhance  the 
capability  and  effectiveness  of  virtually  all  Navy  ^ips.  However,  for 
ships  other  than  aircraft  carriers,  this  will  require  vertical  takeoff 
and  landing  (VTOL)  aircraft. 

To  provide  this  capability  is  a  substantial  technical  challenge  and 
we  are  devoting  considerable  attention  to  promising  VTOL  conc^ta. 
We  are  also  studying  other  VTOL  ^sterns  not  directly  relatea  to 
small  air-capable  ships  but  which  have  po^ble  long-range  piwoffa 
Today  we  will  describe  some  of  these  VTXIL  concepts  and  indicate 
why  they  may  be  attractive. 

We  will  cover  some  of  the  new  technology  which  may  have  a 
significant  impact  on  VTOL  aircraft,  and  may  offer  major  tenefits  in 
the  areas  of  coat  reduction,  reliability,  mamtainability,  logistics,  and 
manpower  for  all  aircraft  types.  In  particular,  important  develop¬ 
ments  in  materials,  structures,  propulsion  and  electrical  systems  will 
be  highlighted.  ,  .  •  o 

I  have  several  technical  representatives  from  the  Naval  Air  Sys¬ 
tems  Command  with  me  today  to  assist  in  this  presentation.  They  ^ 
led  by  Mr.  William  Koven,  who  is  director,  advanced  aircraft  de¬ 
velopment  of  the  Naval  Air  Systems  Command.  I  would  now  like  to 
turn  tbia  presentation  over  to  Mr.  Koven,  who  will  describe  some  of 
the  current  Navy  efforts  in  more  detail. 

The  Chairman.  Thank  you.  Admiral,  and  we  look  forward  to  hear¬ 
ing  you,  Mr.  Koven.  If  you  would  ^like  to  identify  your  associate, 
we  would  like  to  have  their  names  in  the  record. 

Mr.  Koven.  Ail  right,  sir.  Mr.  Kearns  is  up  at  the  Vugraph  ma¬ 
chine.  He  is  our  expert  on  materials.  Mr.  Lichtman  is  our  ex^rt  on 
engines.  Mr.  Perkins  is  our  expert  on  advanced  concepts.  Capt.  Schau- 
felberger  is  the  project  manager  on  the  XFV— 12A  aircraft,  the  thrust 
augmented  wing  and  Mr.  Siewert  is  our  expert  on  aerodynamics. 

The  Chairman.  Thank  you.  We  welcome  all  of  you. 

Mr.  Koven.  Good  morning,  Mr.  Chairman.  A  large  variety  of 
VTOL  concepts  are  being  investigated  for  possible  application  to 
Navy  and  Marine  Corps  missions.  For  example,  we  recently  com¬ 
pleted  a  shore  and  ship  based  flight  evaluation  of  the  CL— 84  tilt  wing 
aircraft,  and  we  are  following  very  closely  the  NASA/ Army  XV-16 

tilt  prop  development  program.  ,  ,  -  /  i*-*  j  , 

As  for  our  own  programs,  they  are  directed  to  the  speed/altituae/ 
size  spectrum  not  presently  being  investigated  elsewhere.  In  addition 
we  are  working  on  a  concept  which  could  have  a  significant  impact 
on  helicopter  operations  in  the  not  too  distant  future,  the  circulation 
control  rotor-<lICR. 
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CCR  CONCEPT 


TNW  FILM  OF  AIR 
ADMtlKS  TO 
ROMNOfO  TRAIUMO 
FOSE  IMOVaM 
NMN  LIFT  OV  THE 
COANDA  EFFECT 


DIRECTION  OF  ROTATION 


H6.1 

In  the  circulation  control  rotor  (fig.  1)  compressed  air  supplied  by 
a  compressor  is  ducted  out  a  spanwiae  slot  over  the  rounded  trail^ 
edge  of  a  hollow  rotor  blade.  By  varying  the  amount  of  air  flowing 
through  the  slot,  the  total  lift  as  well  as  the  lift  distribution  can  ro 
varied  as  necessary.  The  prime  virtue  of  this  rotor  is  that  it  is  simple 
and  we  would  expect  it  to  be  reliable.  It  eliminates  the  need  W 
many  hin^,  bearings,  and  mechanical  parts  so  troublesome  to  con¬ 
ventional  nelicopters.  Recent  wind  tunnel  tests  as  well  as  structural 
and  design  feasibility  studies  continue  to  ^ow  this  concept  to  have 
great  promise.  This  year  we  intend  to  initiate  development  of  a  tech¬ 
nology  demonstrator  to  prove  the  CCR  in  full  scale. 

Figure  2  illustrates  what  a  circulation  control  rotor  hub  of  the 
future  might  look  like  as  compared  to  current  day  articulating  rotor 
hubs. 

A  lift-fan  propulsion  system  has  great  potential  for  providing  the 
Xavy  with  a  multipurpose,  highly  flexible  subsonic  "VTOL  aircraft 
system.  One  of  the  lift-fan  aircraft  concepts  being  considered^  (flg.  3) 
involves  three  lift  fans  arranged  in  trian^ar  fashion  to  provide  bom 
lift  and  control  movements.  The  apex  fan  is  mounted  horizontally^  in 
the  nose  of  the  aircraft  while  two  an-fans  are  mounted  vertically  with 
the  telescoping  retractable  hood  for  VTOL  flight.  In  the  arrangement 
shown,  the  turbine  tip  fans  (fig.  4)  are  powered  by  hot  gas  duct^ 
from  two  gas  generators  in  the  fuselage.  We  find  the  lift  fan  air¬ 
craft  significant  because  it  offers  good  speed  (M-0.85),  high  altitude 
(40,000  ft.),  good  endurance,  excellent  range,  mechanic^  simplicity, 
a  reasonable  hover  capability,  and  a  comparatively  beni^  footprint. 
By  footprint,  we  mean  temperature  and  pressure  promes  near  the 
aircraft  caused  by  the  downwash  or  exhaust  of  the  propulsion  system. 
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TURBOTIP  FAN 


Finally,  we  feel  that  multiapplication  capability  can  be  achieved  by 
using  the  core  propulsion  system  and  building  larger  or  smaller  fuse¬ 
lages  around  it  (fig.  5).  We  are  currently  involved  with  NASA  on  a 
joint  exploratory  project  on  this  concept. 
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Our  largest  and  most  ambitious  project  in  the  VTOL  field  is 
Thrust  Aumented  Wing  (TAW),  the  XFV-12  airplane.  Here,  (fig. 
6)  high  velocity,  high  temperature  air  is  ducted  tram  a  basic  gas 
generator  to  ejectors  located  in  the  wings  and  in  the  forward  canard 
surface.  The  high  velocity  ejected  air  entrains  or  pulls  in  large  qutm- 
tities  of  the  anmient  air  and  thus  produces  an  upward  thrust  or  lift 
considerably  greater  than  the  primary  tlirust  provided  by  the  ejector 
alone.  Achievement  of  a  high  augmentation  ratio,  that  is,  ratio  of 
total  thrust  to  ejector  thrust,  is  a  key  to  the  success  of  the  TAW.  Ex¬ 
cellent  control  is  provided  through  the  “four  |>o8ter”  arrangement 
(fig.  7)  by  changing  the  angles  of  the  various  ejector  wing  flaps. 

This  project  has  been  underway  for  some  2  years  now  and  the 
plan  is  to  build  and  flight  test  two  prototy^  aircraft.  The  attractiye- 
ness  of  the  TAW  lies  in  its  potential  for  mgh  performance,  a  benign 
footprint  and  minimum  propulsion  system  investment.  Because  of  its 
unique  wing  arrangement  it  also  offers  unusually  good  short  takeoff 
and  landing  performance.  Although  we  are  currently  looking  at  the 
Mach  2  plus  application,  this  concept  would  apply  equally  well  to 
a  high  performance  sub^nic  aircraft. 

We  also  have  underway  a  modest  effort  in  a  lift  plus  lift/cruise 
Mach  2  plus  fighter/attack  aircraft.  It  too  features  a  forward-placed 
canard  but  differs  with  respect  to  its  propulsion  system.  In  this  case 
(f^.  8)  the  propulsion  system  consists  of  two  lift  engines  mounted 
vertically  directly  behind  the  cockpit  canopy  and  one  horizontal 
cruise  engine  which  is  converted  to  a  lift  engine  for  VTOL  flight  by 
means  of  a  swivelling  nozzle  at  the  aft  end.  This  concept  also  offers 
liigh  performance  but  the  high  temperatures  and  pressures  of  the 
direct  engine  exhaust  may  create  spwial  problems  in  deck  handling 
and  impiepared  site  operations. 


(VMrooHmou 


I  would  like  to  mention  one  other  VTOL  program,  the  Aerocrane, 
a  hybrid  aircraft  concept  composed  of  helicopter  and  balloon  ele¬ 
ments  (fig.  9),  which  could  satisfy  a  potential  need  for  an  ultra  heavy 
I’ft  VTOL  aircraft.  Although  a  simplified  model  has  been  flown  in 
tetherd  flight,  we  lack  indepth  technical  studies  of  the  Aerocrane  at 
this  time.  If  the  many  expected  and  unknown  technical  difficulties 
can  be  overcome  and  if  the  very  preliminary  weight  and  performance 
estimates  are  correct,  this  concept  could  conceivably  provide  lift  capa¬ 
bilities  up  to  200  tons  with  some  of  the  stability  and  endurance  of  a 
balloon  combined  with  the  mobility  and  control  of  a  helicopter.  This 
capability  may  be  available  at  a  fraction  of  the  cost  of  the  most  ad¬ 
vanced  helicopters. 

This  concludes  the  discussion  on  aeronautical  concepts  and  I  would 
now  like  to  proceed  to  some  important  technology  developments  which 
are  key  to  the  success  of  future  aeronautical  vehicles. 

Senator  Goldwater.  May  I  interrupt?  Before  you  get  rid  of  this 
picture,  what  RP3I  are  you  talking  about. 

Mr.  Kovex.  Oh,  between  8  and  9,  Senator.  Very  low  RPM. 

Senator  Goldw'ater.  And  where  would  your  engine  be  ? 

Mr.  Kovex.  The  engines  are  located  out  on  the  wings  or  out  on 
the  rotors.  In  fact,  you  can  get  an  indication  of  it  there  on  the  model. 
There  is  a  little  propeller,  the  one  on  the  right  hand  side. 

Senator  Goldwater.  Yes.  I  see  it. 

Mr.  Koven.  It  is  a  little  model  airplane  engine. 

Senator  Goldwater.  That  is  going  to  shape  them  up. 

[Laughter.] 

Senator  Goldwater.  Thank  you. 

The  CHAiRsrAX.  You  may  proceed. 


FIG.  10 


Mr.  Kovex.  The  operating  environment  for  aircraft  in  the  Navy  is 
tough;  saltwater  is  everywhere  (fig.  10),  and  we  find  that  the  charac¬ 
teristics  of  the  materials  available  for  building  engines  and  airfraipes 
determine  to  a  large  extent  how  well  this  equipment  will  perform. 
In  addition  to  the  well  recognized  requirements  for  lighter  weight 
constniction  and  higher  operating  temperatures  to  improve  airframe 
and  engine  performance,  there  are  demanding  requirements  for  cor¬ 
rosion  resistance,  ease  in  maintenance,  reliability,  long  life,  ease  in 
fabrication  and  low  cost.  We  are  now  using  available  materials  at 
about  the  limits  of  their  capabilities.  We  are  working  on  some  new  de¬ 
velopments  that  offer  extremely  attractive  improvements  for  the 
future.  The  numbers  may  not  sound  dramatic,  an  increase  of  150°  F 
in  turbine  blade  temperature,  a  15  percent  reduction  in  airframe 
weight  or  a  reduction  of  50  percent  in  corrosion  maintenance,  but 
advances  such  as  these  can  double  the  payload  of  our  aircraft,  reduce 
fuel  consumption  by  10  percent  and  save  millions  of  dollars  in  main¬ 
tenance  costs  and  manpower.  These  improvements  are  particularly 
advantageous  in  the  versatile  aircraft  that  we  need  to  extend  our 
capability  for  operation  from  small  ships  in  an  air-capable  Navy. 

Before  mentioning  some  of  the  things  still  in  the  laboratory  in  ma¬ 
terials  and  structures.  I  would  like  to  discuss  a  development  recently 
completed  and  now  enterinc  service.  One  of  the  limitations  of  the 
high  strength  aluminum  alloys  has  been  a  susceptibility  to  stress 
corrosion  cracking  (fig.  11).  Some  parts  under  a  sustained  tensile 
stress  in  our  corrosive  environment  would  crack  after  1  year  or  more 
in  service.  Repeated  inspection,  maintenance  and  part  replacement 
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STRESS  CORROSION  CRACKING 


has  better  strength  and  toughness  than  the  current  most  widely  \ised 
liigh-strength  aluminum  alloys  and  its  cost  is  about  the  same.  It  is 
now  being  used  (fig.  12)  in  bulkheads  of  the  A-6  airplane  and  its  use 
will  be  extended  to  help  solve  our  stress  corrosion  problems.  The  cost 
to  the  Navy  of  this  development  was  about  $250,000,  but  the  savings 
in  maintenance  costs  in  the  future  will  be  in  the  millions. 

For  the  future,  in  airframe  construction,  we  are  developing  com¬ 
posite  materials  of  carbon  filaments  in  a  plastic  matrix  (fig.  13).  The 
materials  development  in  this  area  is  now  well  advanced  and  current 
emphasis  is  on  experimental  structures.  Before  it  can  be  applied  ex¬ 
tensively  in  airframes,  we  must  gain  experience  and  confidence  in 
our  ability  to  use  it  in  complex  airframe  design  and  we  must  be 
sure  of  its  ability  to  survive  in  the  service  environment.  We  are  now 
designing,  building  and  testing  a  variety  of  airframe  components  (fig. 
14)  for  this  purpose  and  will  install  these  on  an  experimental  basis 
on  a  few  in-service  aircraft.  The  weight  saving  possible  by  using 
advanced  composites  in  place  of  metal  construction  can  sometimes 
be  as  high  as  50  percent,  depending  on  the  part,  and  it  is  not  unreal¬ 
istic  to  predict  a  10  to  15  percent  overall  airframe  weight  saving  if 
current  indications  prove  to  be  attainable  in  practice.  The  cost  of 
the  advanced  composites  is  still  high  ($75/]b)  but  it  has  been  de¬ 
creasing  as  production  increases.  Even  now  we  can  build  some  parts 
in  composites  more  cheaply  than  in  metal  because  of  the  lower  manu¬ 
facturing  costs. 
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To  reduce  the  cost  of  compoeite  parts,  we  are  developing  a  carbon- 
fiber  thermoplastic  composite  which  can  be  formed  from  mit  sheet  at 
elevated  ten4>eratures  IS).  This  material  should  permit  use  of 
automated  lay-up  machinery  fw  low-cost  flat  sheet  and  eliminate 
much  of  the  labor  in  parts  mwufacture.  An  overall  cost  saving  of 
about  50  i«rcent  compared  with  current  advanced  composite  p^- 
tice  is  possible,  depending  on  the  particular  part  concerned.  Applica¬ 
tions  of  this  material  are  underway  now  in  our  experimental  struc¬ 
tures  program. 


We  are  also  developing  a  new  type  of  material  for  gas  turbine 
blading  that  is  very  promising  and  may  permit  an  increase  of  150°  F 
or  perhaps  even  more  in  blade  temperature  over  the  1,800°  F  allowable 
with  our  best  super  alloys.  This  is  the  directionally  solidified  eutectic. 
By  controlling  composition  and  fabrication  practice  we  can  precipi¬ 
tate  strong  filaments  in  the  metal  itself  giving  very  high  strength  in 
the  direction  in  which  they  are  oriented  (fig.  16).  Some  of  the  high 
temperature  strength  values  measured  for  materials  of  this  type  are 
more  than  three  times  those  of  our  current  best  super  alloys.  There 
is  much  work  to  be  done  before  this  attractive  laboratory  development 
can  be  con  .  erted  into  useful  turbine  blading.  The  other  Services  and 
NASA  are  also  engaged  in  work  on  directionally  solidified  eutectics 
and  we  have  formed  a  special  working  group  on  this  topic  for  mutual 
planning  of  an  overall  research  and  development  program. 

I  have  mentioned  just  a  few  items  in  aircraft  materials  and  struc¬ 
tures  research  to  indicate  the  potential  for  the  future.  In  other  areas, 
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such  as  high  temperature  organics,  ceramics  and  nondestructiTe  test¬ 
ing,  important  advances  appear  attainable  throi^  continued  re¬ 
search. 

Advances  in  propulsion  technology  have  been  and  will  continue  to 
be  crucial  to  the  success  of  advanced  aeronautical  concepts.  Work 
currently  underway  in  joint  programs  with  the  Air  Force  promises 
to  have  a  major  impact  on  tM  next  generation  propulsion  systems. 
For  example,  advanced  coolii^  teduuques  (fig.  17)  udll  permit  en¬ 
gine  to  operate  with  turbine  inlet  tem;^ratures  up  to  3,500°  F  while 
maintaining  turbine  blade  and  vane  mn  temperatures  at  approzi- 
inately  2,000°  F.  This  is  between  700  to  900°  F  hotter  than  current  en¬ 
gines  and  produces  significantly  more  thrust  per  pound  of  air  flow. 


VANE  SKIN  imPEItATUNE 
1800-20S0  F 


Another  key  parameter  is  fuel  consumption.  The  variable  area  tur¬ 
bine  (fig.  18)  currently  under  development,  in  which  the  flow  are* 
between  turbine  stages  is  varied  either  aerodynamically  or  mechani¬ 
cally,  will  permit  the  engine  to  operate  at  more  optimum  matehing 
conditions  throughout  the  flight  envelope  than  is  presently  attainable. 
Improvements  in  fuel  consumption  of  about  30  percent  appear  pos¬ 
sible  with  this  concept. 

These  advances,  coupled  with  the  development  of  high  strength/ 
liigh  temperature  materials  (i.e.,  eutectic  alloys),  high  heat  release 
burners,  and  high  stage  loading  compressors  and  turbines,  promise  to 
provide  engines  of  one-half  the  size  and  two-thirds  the  weight,  with 
cniise  efficiencies  much  improved  over  current  jet  engines  (fig.  19). 


•  SAME  THRUST 

•  ONE-HALF  LENGTH 

•  ONE-HALF  VOLUME 

•  TWO-TMRDS  WEIGHT 

•  60  PERCENT  SFC 

•  3500°F  VS.  2200^F 
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Finally,  I  would  like  to  note  briefly  an  important  development  in 
aircraft  electrical  systems.  Current  aircraft  are  built  with  large  net¬ 
works  of  wires,  electromechanical  switches,  relays  and  connectors 
which  are,  of  course,  prone  to  failure  and  hard  to  ti^bleshoot.  The 
problem  is  illustrated  on  figure  20  which  shows  the  inside  of  one  of 
today’s  modem  jet  airliners. 


Through  multiplexed  control  signal  transmission  and  the  use  of 
fiber  optics,  we  hope  to  eliminate  80  percent  of  the  wiring  and  in 
addition,  provide  immimity  from  electromagnetic  interference.  We 
should  te  able  to  replace  the  electrical  components  with  solid  state 
components  and  logic  and  achieve  increase  in  reliability  of  the  order 
of  250  percent  with  attendant  reductions  in  weight  and  volume  of 
about  45  percent. 

As  was  indicated  in  Vice  Admiral  Moran’s  opening  statemmt, 
there  arc  indeed  many  new  and  exciting  developments  in  aeronautical 
concepts  and  technology  which  could  have  a  significant  impact  in 
the  years  ahead.  We  have  discussed  just  a  few  of  them  here  this 
morning. 

Again,  we  appreciate  the  opportunity  to  appear  before  you  and  are 
prepared  to  answer  questions  and/or  provide  additional  information 
as  you  desire.  Thank  you. 

The  Chahucak.  Thank  you,  Mr.  Koven,  for  that  fine  statemmt. 
When  I  see  that  pile  of  wiring  that  was  in  that  last  picture,  it  raises 
my  doubts  as  to  whether  I  ought  to  be  flying  so  much.  There  must 
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be  a  broken  wire  in  there  some  place.  I  hope  there  is  considerable 
interest  in  reducing  the  great  complexity  that  that  represents  in  that 
aircraft 

You  have  described  some  of  the  advanced  technology  of  the  Navy 
in  enloration,  electronics  and  materials.  I  understand  the  Na^ 

Air  Propulsion  Test  Center  is  also  experiment^  ^th  synth^c 
fuels.  Could  you  describe  some  of  your  progress  in  this  area? 

Mr.  Koven.  Perhaps  I  should  turn  that  over  to  Mr.  lachtman. 

The  Chairhan.  Ail  right. 

Mr.  Lichtuan.  The  effort  has  been  underway  for  several  years, 
Senator.  It  is  in  conjunction,  with  other  Services  and  ag^wcies.  I 
would  beg  leave  to  fumidi  you  a  more  detailed  answer  for  indusion 
in  the  record,  sir. 

The  CHAntXAN.  We  will  be  glad  to  have  that.  ' 

[Information  referred  to  follows:] 

Mr.  LtOBTKAir.  Ttie  Naval  Air  Propnlaion  Test  Center  (NAFTG)  is  carrying 
out  exploratory  development  and  advanced  development  work  on  synthetic 
fnels  tor  Navy  aircraft  under  the  direction  ot  the  Naval  Air  Systems  Command. 

This  work  is  part  of  a  broad  Navy  investigation  on  the  potential  suitability  of 
synthetic  fuels  for  ship,  air  and  shore  based  applications.  The  primary  objective 
of  this  investlgatl<m  is  to  develop  assurance  that  Navy  machinery  will  te  able 
to  <q;ierate  satisfactorily  on  these  fuels  if  their  use  becomes  mandatory  in  some 
future  energy  emergency.  If  there  are  unavoidable  hardware  problems  associ¬ 
ated  with  the  use  of  synthetic  fuels,  the  Navy  programs  will  define  them  so 
that  there  is  adequate  lead  time  for  machinery  modifications.  All  these  efforts 
are  fused  into  a  coordinated  pr(«ram  by  the  Navy  Energy  and  Natural  Se- 
sources  Besearch  and  Development  Office  (MAT-08Z).  MAT-fiSZ  has  also  been 
named  as  the  Department  of  Defense  (DOD)  focal  point  for  synthetic  fnels  Be- 
search  and  Development  and  as  the  office  responsible  for  liaison  with  other  gov¬ 
ernment  agencies  on  synthetic  fuel  matters. 

NAPTC  has  been  investigating  the  potential  for  the  use  of  synthetic  JP-fi  Jet 
fuel  derived  from  coal,  oil  shale  and  tar  sands.  Emphasis  is  placed  on  JP-S  as 
it  is  the  aircraft  fuel  most  used  by  the  Navy.  The  need  for  additional  testing  on 
synthetic  JP-4  fuel  has  been  eliminated  by  the  decision  of  the  Air  Force  to 
emphasiae  this  fuel  in  its  work  on  alternate  sources  of  aviation  fuels.  The  re¬ 
cent  and  current  work  by  NAPTC  on  the  three  sources  of  synthetic  fuels  is  as 
follows ; 

Cool. — Information  on  the  state-of-the-art  of  coal  liquefaction  developed  by 
the  Department  of  the  Interior  (DOI)  has  been  evaluated  from  the  standpoint 
of  application  to  JP-S.  It  was  found  that  a  Jet  fuel  can  be  made  from  coal,  but 
little  Is  known  about  the  suitability  of  such  a  fuel  for  actual  service  use.  The  , 

DOI  plans  to  include,  in  future  liquefaction  research  programs,  work  on  the 
refining  of  products  for  Navy  use.  This  work  should  result  in  quantities  of 
synthetic  fuel  for  testing  of  Navy  hardware.  In  the  interim,  a  contract  program 
was  started  by  NAPTC  with  the  Sun  Oil  Company  to  produce  JP-S  of  good  and 
marginal  quality  from  each  of  two  kinds  of  coal.  This  will  enable  ns  to  get  an  ^ 

early  look  at  the  range  of  properties  that  can  be  expected  of  coal-derived  JP-S 
and  may  result  in  useful  feedback  to  the  DOI  programs.  The  JP-B  obtained  will 
be  evaluated  in-house  by  means  of  standard  JP-S  specification  tests,  material 
compatibility  tests.  Jet  engine  combustor  tests,  and  performance  and  exhaust 
emi^ons  tests  in  a  small  gas  turbine  engine.  Chemical  characteristics  of  t*' 
fuel  which  may  contribute  to  poor  performance  or  health  hazards  will  be  studied. 

The  Naval  Besearch  laboratory  is  cooperating  in  this  phase. 

The  work  to  provide  experimental  fuels  and  most  of  the  tests  described  are 
scheduled  for  completion  in  fiscal  year  197S.  The  contract  work  is  being  supple¬ 
mented  by  in-house  studies  of  the  notentlsl  for  production  of  .TP-S  from  coal- 
derived  fluids.  A  small  Quantity  of  a  stable  .TP-S  type  fuel  has  been  derived 
from  “Sea  Coal”,  the  synthetic  holler  fuel  used  in  a  sea  trial  of  the  destroyer^ 

U.S.S.  Johnston. 

Oil  Shale. — Several  experimental  samples  of  material  derived  from  Oreen 
Biver  Formation  oil  shale  were  obtained  from  the  Oil  Shale  Comoratlon  for 
evaluation  as  JP-5  fuel.  These  samples  had  been  treated  with  hydrogen  to  re¬ 
move  the  nitrogen  and  sulfur  Impurities  found  in  shale  oil  and  to  improve  the 
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chemical  and  physical  characteristics  ot  the  fuel.  The  most  seyerely  treated  of 
these  samples  successfully  passed  the  JP-5  specification  tests.  As  greater  quan¬ 
tities  of  these  fuels  become  arailable  they  will  be  subjected  to  hardware  tests. 
Earlier  work  had  been  done  in  19fi0  in  which  the  chemical  and  physical  char¬ 
acteristics  of  a  JP-4  derived  from  shale  oil  were  evaluated  and  found  to  be 
satisfactory. 

Tar  Sands. — A  kerosene  portion  of  synthetic  crude  oil  derived  from  Athabasca 
Tar  Sands  has  been  evaluated  at  NAraC.  This  material  was  found  to  pass  all 
JP-5  specification  requirements  with  a  good  margin.  It  has  been  tested  in  a  T68 
helicopter  engine  for  60  hours.  Performance  of  the  engine  was  satisfactory.  The 
post-test  condition  of  the  e^ne  is  still  being  evaluated,  but  no  harmful  effects 
have  been  noted  to  date.  Some  exhaust  gas  pollutants  were  slightly  biidier  than 
those  measured  using  a  typical  conventional  JP-6.  This  effect  is  being  studied 
and  may  be  due  to  small  differences  in  tbe  physical  properties  of  the  fuels 
rather  than  being  related  to  the  source.  Additional  chemical  and  compatibility 
tests  of  this  fuel  will  be  carried  out,  and  qualification  type  tests  cm  other  en¬ 
gines  will  be  conducted  if  they  appear  necessary.  More  synthetic  fuel  of  this 
type  can  be  obtained  for  such  larger  scale  tests.  A  portion  of  the  fuel  recelTed 
has  been  sent  to  the  Naval  Ship  Research  and  Development  laboratory 
(NSRDL)  for  evaluation  of  properties  i)ertinent  to  nonaviation  shipboard  use 
such  as  in  diesel  engines. 

The  ultimate  objective  of  the  programs  now  underway  is  to  test  the  suitabil¬ 
ity,  for  operation  of  aircraft,  of  synthetic  fuels  that  show  promise  of  being  pro¬ 
duced  in  the  future.  Fuels  which  pas-s  the  small  scale  screening  tests  will  be 
subjected  to  full  scale  engine  tests  and  flight  tests.  Such  expensive  large  scale 
tests  will  be  conducted  only  on  synthetic  fueLs  which  show  real  promise  for 
future  production  and  for  which  there  is  a  reasonable  doubt  as  to  suitability  as 
a  JP-5.  Negotiations  for  obtaining  these  fuels  (which  would  probably  be  de¬ 
rived  from  coal  or  shale)  are  being  conducted  by  MTA-03Z  with  DOI  and  pri¬ 
vate  Industry  for  all  DOD  departments.  Requests  for  Jet  A  fuel  needed  by  the 
National  Aeronautics  and  Space  Administration  (NASA)  for  large-scale  com¬ 
mercial  jet  engine  combustor  tests  will  also  be  processed  through  MAT-08Z. 
NASA  has  also  indicated  a  willingness  to  assist  in  testing  JP-6  in  their  com¬ 
bustors.  if  the  Navy  can  make  fuel  available.  A  specific  Naval  Air  Systems  C!om- 
mand  objective  which  will  require  fairly  large  quantities  of  synthetic  fuel  is  the 
flight  test  of  a  Navy  aircraft  on  synthetic  JP-6  by  1976.  A  specific  timetable 
has  been  set-up  towards  this  objective  which  calls  for  specification  tests,  ma¬ 
terials  compatibility  tests,  combustor  and  fuel  system  evaluations  and  initia¬ 
tion  of  an  engine  flight  rating  test  in  fiscal  .vear  1976.  The  above  work  will  be 
done  at  NAPTG.  Chemical  aual.vsis  and  flammability  and  fire  extinguishing  in- 
vesdgatione  will  be  conducted  by  the  Naval  Research  Laboratory ;  and  prob¬ 
lems  pertinent  to  compatibility  with  .ships  fuel  systems  will  be  investigate  by 
the  Naval  Ship  Research  and  Development  Onter.  With  satisfactory  comple¬ 
tion  of  these  tests,  pre-flight  aircraft  tests  will  take  place  at  the  Naval  Air 
Test  Center,  Patuxent  River,  MD,  These  will  be  followed  by  preliminary  flight 
te.st8  and,  finally  an  aircraft  carrier  landing  and  take-off  demonstration  in  1OT6. 

The  Chairman.  Sometime  a.w  the  Bureau  of  Mines  demonstrated 
that  satisfactory  iet  fuel  could  be  made  from  coal.  More  recently  a 
process  was  developed  that  indicated  that  .TP-5  can  be  made  from 
a  synthetic  crude  oil  derived  from  coal.  Has  the  Navy  made  any 
evaluation  of  the  jet  fuel  derived  from  coal? 

Mr.  Koven.  They  have  tested  a  coal-derived  fuel  in  a  Navy  vessel, 
I  believe.  Admiral  Moran? 

Admiral  Moran.  Yes,  Mr.  Chairman.  We  have  stayed  in  very  close 
touch  with  efforts  in  various  departments  of  the  Government  on 
synthetic  derivitives  to  make  sure  that  whatever  comes  out  of  their 
process  is  understood  and  we  can  in  fact  be  a  sensible  user  and 
customer  of  that  product.  The  experiment  mentioned  was  an  experi¬ 
ment  usin^r  so-called  coal-derived  fuel  to  drive  a  destroyer  for  a 
period  of  time  and  it  explored  the  possibilities  and  problems  that 
mifirht  be  associated  with  such  a  fuel  for  ship  propulsion.  We  an¬ 
ticipate  no  serious  difficulty  in  the  adaption  to  pas  turbines  either 
in  aircraft  or  other  pas  turbine  applications. 
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The  Chaiemax.  Thank  you  very  much. 

Senator  Goldwater? 

Senator  Gioldwater.  Getting  back  to  the  CJoanda  effect  rotor  heli¬ 
copters,  hove  much  would  be  saved  in  maintenance  costs  by  using 
this  rotor? 

Mr.  Kovbn.  We  do  not  have  any  quantitative  numbers  yet.  The 
people  in  industry  who  have  looked  at  it  and  our  own  people  believe 
that  the  improvement  in  maintenance  man-hours  would  be  quite 
noteworthy.  C^e  reason  we  are  going  to  design  and  construct  a  full 
scale  demonstrator  is  to  obtain  these  numbers. 

Senator  GoLowATia.  Actually  industry  has  TOtten  to  the  point  of 
bidding  on  one  or  the  Navy  has  approached  Kaman  and  Tjockheed. 
one  of  their  companies,  I  bielieve,  to  build  one  of  these. 

Mr.  Kovex.  The  Navy  is  going  out  on  a  competitive  contract  to 
build  the  technology  demonstrator,  sir. 

Senator  GtomwATER.  Who  would  do  that? 

Mr.  Koven.  Kaman  and  Lockheed  are  the  companies  involved. 

Senator  G^ildwater.  Ijockheed  is  getting  another  contract? 

From  your  tests  out  here,  what  do  you  think  the  performance 
benefits  will  be? 

Mr.  Kovex.  It  is  essentially  a  stand-off  from  the  standpoint  of 
performance  as  compared  to  conventional  helicopters.  For  low  speed 
applications,  its  major  benefits  come  from  the  less  complex  rotor 
syrtem. 

Senator  Goldwater.  Admiral,  can  you  give  the  committee  the 
reasons  why  the  Navy  is  interested  in  the  Aerocrane  concept? 

Admiral  Morax.  Senator,  I  do  not  know  if  I  can  fully  answer  that 
question  but  I  would  sure  like  to  try. 

Senator  Gtoldwater.  Go  ahead. 

Admiral  Morax*.  Naval  Aviation,  as  I  mentioned  in  my  opening 
remarks,  is  the  end  result  of  a  long  series  of  experiments  and  de¬ 
velopments,  some  of  which  have  had  applications  and  some  of  which 
have  not  and  some  which  have  been  failures  and  some  of  which 
have  ^en  successful.  You  have  to  look  at  a  thing  like  the  Aerocrane 
experiment  in  a  fairly  broad  fashion  since  it  clearly  does  not  fit 
into  the  picture  as  you  now  have  it.  It  is  not  a  carrier  based  device 
and  it  is  not  a  aircraft  that  will  operate  in  any  of  our  normal  re¬ 
quirements  for  which  we  now  build  helicopters  and  aircraft. 

Cto  toe  other  hand,  if  we  can  build  a  device  that  will  do  that  kind 
of  lifting  job  of  very  heavy  weights  and  place  with  some  precision 
those  weights  as  we  sometimes  do  with  helicopters  now,  you  can  see 
application  in  amphibious  operations  and  in  construction  effort,  I 
would  see  a  thing  like  that  going  into  utility  and  support  work  far 
more  than  it  would  in  the  militaiy  scene. 

Senator  GoinwATER.  That  is  what  I  thought.  You  would  not  have 
any  place  for  it  on  a  carrier,  say. 

Admiral  Morax.  I  am  unable  to  see  the  application,  no  matter  how 
hard  I  try,  sir. 

Senator  Goldwateh.  Just  so  you  do  not  get  it  in  close  air  support. 

[Laughter.] 

^nator  Golowater.  In  conclusion  with  that  question,  is  the  Navy 
doing  any  work  on  lighter-than-air,  any  other  work  on  lighter-than- 
air? 
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Admiral  Moran.  We  are  not  doing  very  serious  work  in  lighter- 
than-air,  Senator.  As  you  mentioned  with  the  NASA  'mtness  here, 
it  is  a  subject  that  comes  up  periodically.  We  are  trying  to  stay 
in  (juite  close  touch  with  all  of  the  work  that  is  going  on  with  the 
notion  that  if  some  good  fallout  comes  from  it,  we  sure  wish  to 
know  of  it  and  be  a  part  of  it. 

Senator  GkiuiWATER.  Do  you  feel  that  the  exTOriences  you  had  in 
World  War  II  using  lighter-than-air  for  antisuomarine  woric  would 
cause  the  Navy  to  be — ^to  still  be  interested  in  using  lighter-than-air 
for  this  purpose  ? 

Admiral  Moran.  Senator,  I  do  not  believe  that  we  would  have  a 
great  interest  in  using  lighter-than-air  for  that  purpose  and  I  would 
cite  one  fact.  The  submarines  we  are  looking  for  today  travel  at 
pretty  high  speeds.  If  he  was  making  his  high  speed  into  a  strong 
wind,  your  lighter-than-air  craft  may  have  a  hard  time  making 
much  ground  in  chasing  him  down. 

Senator  Goldwater.  That  is  a  good  answer. 

One  further  question  on  the  helicopter.  I  am  told  by  members  of 
the  committee  staff  that  they  were  briefed  to  the  effect  that  a  4-bla(ied 
helicopter  using  circulation  control  rotors  might  achieve  a  speed  of 
700  miles  an  hour.  Is  that  right  ? 

Mr.  Koven.  Perhaps  I  can  answer  that.  You  are  referring  to  the 
X-wing. 

Senator  Goldwater.  The  what! 

Mr.  Koven.  The  X-wing.  The  X-wir^  is  a  4-bladed  helicopter 
configuration  where  you  stop  the  rotors  in  forward  flight  and  then 
use  the  rotors  as  fixed  wings  to  sustain  lift ;  two  blades  or  wings  are 
swept  forward  and  two  are  swept  back.  In  this  condition  it  would 
be  a  high  speed  aircraft.  We  have  done  very  preliminary  work  on 
this,  not  very  much  more  than  back-of-the-envelope  design  studies 
at  the  moment.  It  is  in  the  ver}^  early  stages. 

Senator  Goldwater.  You  wind  up  with  four  wings? 

Mr.  Koven.  Yes,  sir.  In  X  configuration. 

Senator  Goldwater.  What  lift  affect  do  you  get  off  that  one  stick¬ 
ing  straight  out? 

Mr.  Koven.  AVell,  the  two  fore  wings  are  conventional  swept 
forward  wings  and  the  two  aft  ones  arc  swept  back  conventional 
wings. 

Senator  Goldwater.  It  would  be  an  X,  not  a  cross? 

Mr.  Koven.  Right.  It  would  be  an  X. 

Senator  Goldw'ater.  I  get  you.  Do  you  think  you  can  hit  700  miles 
an  hour  with  that? 

Mr.  Koven.  Well,  if  you  keep  the  fuselage  very  streamlined  and 
keep  the  hub  drag  small  it  is  possible,  I  guess.  I  do  not  really  know 
because  it  is  in  a  very  early  stage  of  study  and  it  is  too  difiicult  now 
to  estimate. 

Senator  Goldwater.  What  is  the  theoretical  amount  of  power 
that  you  need  to  do  that? 

Mr.  Koven.  I  do  not  have  the  numbers  on  that  right  now.  Senator. 

Senator  Goldwater.  All  right.  Thank  you. 

The  OstAnocAN.  Well,  thank  you  very  much.  Senator  Metzen- 
bauml 
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Senator  Metzexbavm.  Mr.  Koven,  seeing  all  that  array  of  elec¬ 
tronic  components,  would  you  explain  why  the  Navy  or  the  airline 
manufacturing  industry  has  not  already  gone  to  solid  state  com¬ 
ponents?  It  seems  to  be  such  an  obvious  thing  to  do. 

Mr.  Koven.  I  can  not  explain  it  and  I  agree  with  you.  It  seems 
like  a  very  obvious  thing  to  do.  It  takes  time,  however,  to  gain 
confidence  in  the  capability  to  exploit  a  new  development  on  an  air¬ 
craft  and  until  you  have  actually  demonstrated  it  in  flight  and 
obtamed  experience  with  it,  you  hesitate  going  ahead  with  general 
application. 

^nator  Goijdwater.  Actually  would  you  not  even  have  a  better 
safety  factor  with  solid  state  components  and  be  able  to  test  if  there 
were  a  break? 

•  Mr.  Koven.  You  would.  In  addition,  maximum  advantage  of 
advanced  electrical  systems  can  be  obtained  through  the  use  of 
multiplexing  fiber  optics. 

Senator  Goldwater.  I  do  not  know  the  term  fiber  optics.  What 
does  that  mean  ? 

Mr.  Koven.  Fiber  optics  is  the  use  of  glass  fibers  to  transmit 
elecrical  impulses.  You  take  an  electrical  impulse  and  convert 
it  to  an  optical  impulse,  transmit  it  across  glass  wires  or  glass  fibers, 
and  at  tne  other  end  convert  the  optical  output  into  electrical 
signals. 

It  takes  two  fiber-optic  cables  of  this  size — 1/16  inch — to  do  the  job 
that  you  have  to  do  with  conventional  copper  cr'  ’  js  of  this  size — P/, 
inch — ^taken  from  a  typical  ship  application,  (v  iewgraph  displayed 
fig.  21.) 
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Senator  Goldwater.  There  we  arc  on  the  picture. 

Mr.  Kovex.  You  can  see  the  fiber  bundle  there.  Note  the  little 
glass  wires,  which  transmits  the  light  impulses. 

Senator  ^Ietzexbaum.  Actually,  the  reduction  in  the  utilization  of 
space  with  solid  state  components  would  be  quite  impressive,  would 
if  not.  because  that  whole  array  might  be  reduced  to  just  a  couple  of 
very  small  boards. 

Mr.  Kov'ex.  That  is  right.  We  figure  on  a  typical  airplane  we 
could  save  45  percent  on  space  through,  the  use  of  fiber  optics  and 
multiplexing. 

Senator  Metzexbattm.  45  percent  of  that  amount  presently  utilized 
for  the  electronical  components* 

Mr.  Kovex.  Yes  sir 

Senator  Metzenbaum.  Thank  you  very  much.  Nothing  further. 
Mr.  Chairman. 


N.  WDS  BEFORE  &  AFTER 


phe 

FIBER  OPTICS 

number  OF  CABLES 

902 

52 

TOTAL  LEN6TH 

4832  FT 

832  FT 

TOTAL  TVEIGHT 

8218 

128  LB 

TOTAL  GOST  ’ 

$78K 

$2JK 

The  Chairmax.  Thank  you.  That  is  a  very  good  que.stion  and  it 
is  an  interesting  thing  for  me.  I  notice  now  on  the  slide  up  there 
(fig.  22)  the  reduction  in  the  number  of  cables  and  the  total  length 
and  total  weight  and  the  total  cost.  too. 

.  Senator  Metzexbaum.  May  I  suggest  to  the  Chairman  that  he 
possibly  inquire  in  his  capacity  of  the  airplane  manufacturers  as  to 
why  then  have  not  moved  in  the  direction  of  solid  state  components, 
really  a  more  safe  means,  a  more  economic  means  from  the  stand¬ 
point  of  weight  and  many  other  advantages,  and  it  is  almost  as  Mr. 
Koven  indicates  questionably  why  we  have  not  at  that  point  already, 
why  others  have  not  done  it.  It  really  is  not  a  Navy  project. 
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The  Chairmax.  That  is  a  very  good  suggestion  and  we  will  in¬ 
quire.  That  is  something  we  ought  to  know  about  it.  It  seems  so 
obvious  that  one  wonders  why  they  have  not  moved  in  that  direction. 

Senator  Goldwater.  I  might  say  as  far  as  the  cockpit  in  the  air¬ 
plane,  they  have  moved  very  far.  But.  when  you  look  at  the  average 
passenger  airplane,  when  you  are  sitting  there  all  those  buttons 
that  you  have  to  push,  they  still  have  to  take  that  wire  some  place. 
They  have  not  made  that  solid  state.  But  up  in  the  cockpit,  though 
they  still  have  a  long  way  to  go.  They  have  done  a  very  remarkable 
job.  I  forget  the  amount  of  wiring  in  the  B-1.  Any  of  you  Air 
Force  types  know?  I  know  it  is  well  over  80  miles  of  wire  and  they 
are  already  working,  trying  to  cut  that  down  on  the  production 
models. 

Admiral  Morax.  Mr.  Chairman.  I  would  like  to  add  to  this  ques¬ 
tion.  We  are  configuring  an  A-7  aircraft  with  fiber  optics  in  some 
major  parts  of  the  system.  The  nroblem  of  how  rapidly  you  move 
into  a  new  application  that  ir  substantial  or  radical  departure 
from  what  you  have  been  doing  before  is  a  very  real  problem.  It  is 
one  where  you  would  like  to  know  with  some  certainty  that  you  are 
making  the  steps  ahead  which  you  believe  and  I  believe  we  would 
be  making  if  we  went  ahead  a  little  more  vigorously.  However,  we 
are  tied  to  a  pretty  substantial  investment,  a  set  of  fabrication 
systems,  a  set  of  maintenance  people  and  before  we  change  all  of 
that,  we  really  need  a  little  bit  of  certainty  that  we  have  it  in  hand. 
One  would  hope  to  get  that  from  this  A-7  that  we  are  configuring 
with  the  fiber  optics  in  order  to  go  ahead  more  vigorously. 

Senator  Metzenbattm.  Thank  you. 

The  C^iRUAX.  Well,  this  miniaturization  and  elimination  of 
complicating  wiring  has  been  a  constant  push,  has  it  not,  with  the 
Navy  and  with  other  research  areas? 

Admiral  Moran.  It  has,  sir,  and  it  is  a  battle  that  we  have  been 
losing  steadily  because  each  time  we  save  a  little  bit  of  space  some¬ 
where  we  find  three  more  systems  that  have  to  go  into  the  airplane 
and  you  get  a  picture  like  the  one  you  saw  up  here. 

Senator  Goldwater.  The  greatest  advance  in  military  aviation  will 
be  to  stop  making  black  boxes.  Every  airplane  we  have  built  is  a 
beautiful  airplane  to  fly  and  then  you  start  hanging  all  that  stuff 
on  it. 

The  Chairman.  Thank  you  very  much,  gentlemen.  We  surely  ap¬ 
preciate  your  presentation.  We  have  found  something  we  need  to 
chew  on  a  little  further  apparently. 

The  Chairman.  We  are  now  going  to  hear  from  the  Air  Force 
and  Dr.  Walter  LaBerge,  the  Assistant  Secretary  of  the  Air  Force 
for  Research  and  Development  will  be  our  witness.  We  look  forward 
to  having  you.  Dr.  LaBerge. 

[Biography  of  Dr.  Walter  B.  LaBerge  follows:] 

Biography  of  Db.  Walter  B.  LaBerge,  Assist  ant  Secretary  or  the  Air  Force 
(Research  and  Development) 

Dr.  LaBerge  was  born  in  Chicago,  Ill.,  on  March  29,  1924.  He  received  a 
bachelor  of  science  degree  in  naval  science,  1944,  a  Iwchelor  of  science  degree  in 
physics,  1947,  and  his  doctorate  degree  in  physics,  1950,  from  the  University  of 
Notre  Dame.  During  World  War  II  he  served  as  executive  officer  and  then 
Commander  of  the  D.S.  Navy  Mine  Sweeper  TMS  166. 
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After  receiving  his  doctorate  degree  in  1960,  he  became  a  program  engineer 
and  then  program  manager  for  the  Sidewinder  missile  at  the  Naval  Ordnance 
Test  Station,  China  Lake,  Calif.  He  participated  in  the  development,  production 
and  introduction  into  the  Fleet  of  the  Sidewinder  missile,  with  primary  exper¬ 
tise  in  missle  seeker  design  and  kinematics. 

From  1967  to  1971,  Dr.  LaBerge  was  associated  with  the  Philco-Ford  Corpo¬ 
ration  in  various  lalmratories  and  operations  concerned  in  research  and  devel¬ 
opment,  electronics,  design,  implementation,  maintenance,  and  management,  in¬ 
cluding  their  programs  Involv^  In  Gemini,  Apollo,  and  satellites.  He  first  was 
Director  of  Engineering,  Western  Development  Laboratories,  at  Palo  Alto, 
Calif.,  with  engineering  and  project  responsibility  for  all  the  laboratories  pro¬ 
grams.  In  1963  he  became  Director  of  the  Phllco  Houston  Operations  at  Houston, 
Tex.,  and  was  senior  technical  and  operating  executive  responsible  to  NASA 
Mission  Control  Center  from  Gemini  IV  through  Apollo  XVII.  Dr.  LaBerge 
joined  the  Research  and  Development  Corporate  Staff  at  Philadelphia,  Pa.,  in 
1966,  as  vice  president,  and  was  senior  defense  electronics  staff  officer  for  re¬ 
search  and  development  with  direct  responsibility  for  the  Philco  Corporate 
research  program  and  approval  authority  for  divisional  program  proposals  and 
discretionary  fund  application. 

Dr.  LaBerge  rejoined  the  Western  Development  Laboratories  in  1966  as  vice 
president  and  senior  operating  executive  of  the  division  responsible  for  main¬ 
tenance  and  upgrading  of  NASA  Apollo  Houston  Control  Center  and  the  D.S. 
Air  Force  remote  satellite  tracking  facilities.  From  1967  to  1971  as  vice  presi¬ 
dent  of  the  Electronics  Group  he  bad  senior  line  supervision  of  military  elec¬ 
tronics  business  with  worldwide  operations  including  satellite  control  facilities, 
communications  satellites,  and  large  antennas  for  commercial  communications 
satellites. 

In  1971  Dr.  LaBerge  went  to  the  Naval  Weapons  Center  in  California  as 
Deputy  Technical  Director  and  in  June  1973  became  Technical  Director.  In 
this  position,  he  was  responsible  for  naval  weapons  development  programs  con¬ 
ducted  at  the  Center,  for  research  and  advanced  technology  work  in  support  of 
these  programs,  and  for  the  technical  facilities.  He  acted  as  Deputy  Program 
Manager  to  the  Naval  Air  Systems  Command  for  advanced  aircraft  weapons 
systems,  and  for  the  Naval  Ordnance  Systems  Command  for  shipboard  point 
defense  weapons  systems,  antiradiation  missile  systems,  air-to-snrface  weapons, 
and  shipboard  point  defense  systems.  He  also  was  responsible  for  joint  service 
programs  conducted  with  the  Marine  Corps,  Army,  and  Air  Force. 

Among  the  awards  that  Dr.  LaBerge  has  received  are  the  California  Legisla¬ 
ture  Resolution  of  Appreciation  for  Sidewinder  Contribution,  1957 ;  California 
Junior  Chamber  of  Commerce  Award,  one  of  Five  Outstanding  Young  Men  of 
California,  1957 ;  University  of  Notre  Dame,  Centennial  Award  to  60  Outstand¬ 
ing  Scientific  Graduates,  1967 ;  and  Navy  Superior  Civilian  Service  Award,  1972. 
He  is  a  member  of  the  Research  Society  of  America  and  the  American  Society 
of  Professional  Administrators.  He  has  served  on  the  Defense  Science  Board 
Panel  on  Remotely  Piloted  Vehicles.  1971-1972 ;  and  the  Chief  Naval  Operations 
Industry  Advisory  Committee  on  Telecommunications,  1972. 

Dr.  LaBerge  is  married  to  the  former  Patricia  Anne  Sammon  of  River  Forest, 
m.  They  have  five  children:  Peter  Robert,  Steven  Michael,  Jeanne  Marie. 
Philip  Charles,  and  Jacqueline  Anne,  and  reside  at  1300  Capulet  Court.  McLean. 
Virginia. 

STATEMENT  OF  J)R.  WAT.TER  B  IpBEKGE.  ASSISTANT  SECRETARY 
OF  THE  AIR  FORCE,  RESEARCH  AND  DEVELOFHENT 

Dr.  LaBerge.  Good  morning,  Mr.  Chairman.  I  thoueht  if  you 
wish  I  could  continue  the  discussion  of  the  wiring  problem  for  a 
moment. 

The  Chairman.  Very  good. 

Dr.  LaBerge.  The  B-1  does  attempt  to  work  the  problem.  We 
believe  we  will  have  about  a  thousand  pounds  of  wire  eliminated  by 
a  multiplexing  system.  This  is  the  first  time  we  will  have  tried  it 
on  an  aircraft  of  this  size  in  this  degree.  It  is  essentially  equivalent 
to  the  wstem  the  telephone  company  uses.  You  dial  a  code  and 
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through  a  single  wire  send  this  code  to  various  parts  of  the  aircraft. 
There  is  a  receiver  which  decodes  it  and  activates  a  landing  gear, 
flap,  or  whatever  it  is  that  you  commanded  depending  upon  that 
code. 

The  747  had,  in  its  early  development  cycle,  committed  partially 
to  a  system  of  this  kind,  but  had  some  difficulties  which  precluded 
full  utilization  of  the  scheme.  I  think  all  of  the  commercial  and 
military  aircraft  visionaries  are  going  to  learn  from  the  B-1  ex¬ 
perience. 

Up  until  now  one  of  the  primary  rules  of  aviation  safety  has  been 
to  have  a  single,  physical  wire  connected  to  each  of  the  vital  parts 
of  the  aircraft.  The  1^-16  lightweight  fighter  now  has  a  fly -by -wire 
system  which  is  entirely  electronic  and  will  do  the  things  that  were 
talked  of  previously  about  signaling  for  aircraft  control.  Most  of 
the  B-l’s  physical  equipment  beyond  the  cockpit  area  will  be  con¬ 
trolled  by  this  digital  system. 

We  now  have  that  system  checked  out  and  it  does  look  to  be 
operable  and  is  not  now  a  pacing  item  in  the  B-1  schedule.  It  had  been 
a  pacing  item  because  it  was  a  new  technology,  but  it  does  look  as 
if  it  is  going  to  go  quite  well  and  based  on  that,  I  would  expect  that 
this  class  of  thing  can  straightforwardly  go  ahead. 

The  Chairman.  Ghwd. 

Dr.  LaBeroe.  If  I  could,  I  would  like  to  enter  for  the  record  my 
statement  and  because  of  the  relatively  limited  time,  skip  to  a  few 
of  the  pieces  of  it  which  I  think  are  particularly  important. 

The  Chairman.  That  is  acceptable.  The  fuil  statement  will  be 
placed  in  the  record  in  full  ( see  p.  72) . 

Dr.  LaBeroe.  Thank  you,  Mr.  Chairman. 

I  do  appreciate  the  opportunity  to  be  with  you.  I  wanted  to 
highlight  first  the  importance  of  two  facility  programs  which  we 
have  before  us,  not  that  they  are  advanced  aviation  technology,  but 
they  are  crucial  to  the  test  of  all  of  the  new  aircraft  structures  and 
engines  that  we  expect  to  be  testing  in  the  future. 

I  want  to  reinforce  both  the  combined  NASA  and  DOD  positions 
in  support  of  the  high  Reynolds  number  test  facilities  proposed  in 
this  year’s  budget  and  the  aeropropulsion  system  test  facility  which 
will  be  in  a  future  budget.  These  are  quite  expensive.  We  believe 
they  are  very  important  and  in  order  for  ourselves  to  be  sure  that  the 
costs  are  in  fact  able  to  be  justified,  we  have  talked  with  both  the 
commercial  and  the  military  engine  and  air  frame  suppliers  and 
believe  we  can  get  them  to  support,  with  you,  these  facilities.  They 
are  crucial  to  any  advanced  aeronautical  system  which  we  will  be 
testing  in  the  future. 

The  importance  of  simulation  I  think  is  becoming  for  us,  more  and 
more  clear.  The  opportunity  is  much  more  available  to  us  now  to 
do  this  reasonably  economically,  and  with  the  advent  of  large  scale 
integrated  circuits  and  with  high  power  computers,  we  can  quite 
well  simulate  such  things  as  air-to-air  combat  and  air-to-ground 
combat.  We  have  a  major  program  for  simulation  of  air-to-air  com¬ 
bat  where  we  hope  to  understand  not  only  the  requirements  of  our 
air  frames  and  our  control  systems,  but  also  in  the  training  of  our 
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pilots  for  successful  air-to-air  combat,  and  that  is  one  of  the  major 
programs  that  we  are  presently  undertaking. 

The  first  units  are  nearing  completion.  The  first  umt  will  be 
tested  starting  in  September  of  this  year  and  then  will  go  down 
to  Luke  AFB,  Arizona  for  use  down  tnere. 

We  are  not  only  simulating  the  6  degrees  freedom  of  movement 
and  a  full  360  degree  cockpit  visibility,  but  we  are  attempting 
through  about  31  different  air  compartments  in  the  seat  to  simulate 
forces  on  the  pilot  so  that  he  will  get  the  physical  feeling  of  flying. 

I  think  it  is  becoming  more  and  more  clear  to  iw  from  the  ex¬ 
periences  in  the  Arab-Israeli  War  that  training  is  a  very  very 
important  part  of  air  combat,  and  I  think  we  will  continue  to  try 
to  understand  the  important  characteristics  of  our  training  and  be 
able  to  measure  how  well  we  do. 

Senator  Metzenbattm.  Would  you  care  to  elaborate  on  that  state¬ 
ment? 

Dr.  LaBeroe.  The  Israeli  pilots,  flying  equipment  substantially 
the  same  as  that  of  their  opp<»ition,  were  trained  to  a  very  fine 
point  and  in  air-to-air  combat  had  a  just  overwhelming  advantage. 
As  you  talked  to  them  about  what  is  important,  what  to  them  was 
important,  was  that  they  had  the  opportunity  to  train,  to  understand 
their  equipment,  and  to  physically  get  a  chance  to  fly  in  combat-like 
conditions.  I  think  we  have  known  that  for  a  while. 

Senator  Goldwater.  Before  you  go  on.  Doctor,  I  have  flown  the 
simulator  at  McDonnell-Douglas  that  has  the  air  pad.  Of  course, 
that  was  just  to  tighten  up  the  belt.  The  one  at  Northrup  actually 
puts  the  “G”  forces  on  you  by  centrifugal  force. 

Do  you  think  it  is  preferable  to  have  air-to-air  compartment  simu¬ 
lation  rather  than  the  actual  forces?  Have  you  abandoned  that 
Northrup  concept? 

Dr.  LaBeroe.  We  have  for  this  air-to-air  simulator,  where  we 
wish  to  have  a  continued  motion  unconstrain^.  Namely,  the  pilot 
can  take  any  manuever  possible,  going  to  a  situation  half  way  be¬ 
tween  simulating  motion  as  well  as  G  forces.  We  have  a  limited 
motion  where  you  get  the  feeling  for  some  G  forces,  but  you  can  not 
continue  because  of  the  transverse  position  limits.  And  we  supple¬ 
ment  this  with  the  air  bags. 

We  are  looking  at  the  Northrup  approach.  It  seems  to  us  more 
important  to  give  full  flexibility  to  the  pilot  in  all  of  the  maneuvers 
possible. 

Senator  Goldwater.  Is  the  computer  cost  still  the  major  cost 
component  of  the  simulator  ? 

Dr.  LaBeroe.  It  is  about  matched  by  the  optical  and  mechanical 
systems.  I  think  we  will  find  that  the  computer  costs  will  go  down 
but  in  the  main,  the  optical  and  mechanical  systems  are  still  ex¬ 
pensive  and  what  we  are  hoping  is  that  we  can  find  out  on  this 
first  unit  what  is  important  and  scale  down  the  mechanical/optical 
part  while  keeping  the  computer  system  essentially  as  it  is  so  we 
can  fly  any  and  all  aircraft  in  any  and  all  conditions  , 

You  might  be  interested.  Senator,  that  this  struck  home  to  all  of 
ns  in  the  sense  that  we  simulated  three  highly  variable  combat  air- 
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planes,  an  F-4,  a  Mig-21  and  an  F-15,  and  educated  one  pilot  very 
carefully  on  where  his  airplane — flew  best,  and  then  took  pilots  who 
had  not  gone  through  this  special  training  and  let  them  compete 
against  each  other  in  the  simulator.  The  F-15  performed  very  very 
well  against  the  Mig-21  until  it  went  up  against  the  Mig  with  a  pilot 
who  really  knew  how  the  Mig-21  worked.  The  Mig  was  able  to 
quietly  sucker  even  the  F-15  into  a  position  where  he  was  dominant 
about  15  percent  of  the  time.  Given  a  short  bit  of  training  the  pilot 
of  the  F-15  won  all  of  the  time.  I  think  it  is  just  important  that  we 
know  where  airplanes  operate  best  and  that  we  use  the  simulation  to 
teach  people  by  physical  experience  what  happens  when  they  do  not 
operate  the  airplane  essentially  as  they  were  designed  to  be  operated. 

Senator  Goldwater.  Well,  this  is  a  very  expensive  bit  of  equip¬ 
ment,  but  I  can  assure  the  members  of  the  committee  that  it  saves 
money.  The  Army  Helicopter  School  at  Fort  Rucker,  Alabama  will 
save  from  $100  to  $1,000  an  hour  by  simulated  training.  The  airlines 
are  now  doing  their  line  checks  with  simulators.  I  am  sorry  to  say 
that  when  our  pilots  in  Vietnam  first  went  up,  except  those  who  had 
lieen  in  Korea,  none  of  them  had  ever  had  air-to-air  combat  training 
and  it  was  just  lucky  that  they  ran  in  to  missions  flown  by  people 
who  had  not  had  as  much  exposures  as  we  had  or  we  would  nave  had 
terrible  losses. 

We  are  now  training  our  pilots  and  what  you  liaid  is  true,  even  in 
actual  training,  but  the  simulator  will  make  it  possible  for  a  young  pilot 
to  understand  the  forces  of  combat  flying  and  will  not  have  to  be 
constantly  bothered  by  people  who  are  safety  conscious. 

Dr.  LaBeroer.  Yes,  sir.  I  think  that  is  particularly  important.  If  yon 
had  to  pick  one  thing  that  the  Israelis  said  their  management  allowed 
them  to  do  which  was  helpful,  it  was  that  they  allowed  them  to 
train  in  combat-like  conditions.  They  could  pull  as  much  as  the 
airplane  could  pull  with  no  safety  restraints.  I  think  in  peace  time 
we  can  not  go  that  far.  but  we  can  do  a  great  deal  with  the  simulator. 

With  respect  to  the  field  of  propulsion,  I  think  it  is  most  important 
that  we  all  realize  that  the  major  fighter  aircraft  advances  are 
really  keyed  by  the  remarkable  technology  we  all  have  in  this  coun¬ 
try  in  the  engine  business.  We  have  a  number  of  programs  where 
we  are  attempting,  with  the  Na\w  and  with  the  NASA  in  coopera¬ 
tive  efforts,  to  advance  that  technology.  They  include  development  of 
structural  understanding  through  computer  programs,  namely,  a 
way  to  stop  a  little  bit  of  “cut  and  try”  and  to  get  a  little  bit  better 
understanding  of  ovir  structures  through  computer  usage. 

Next  is  the  development  of  the  advanced  high  strength  composite 
materials.  We  have  an  attractive  program  in  this  regard  and  here 
we  are  quite  closely  tied  to  what  the  Navy  is  doing. 

We  believe  as  does  the  Navy,  and  we  have  a  cooperative  program 
with  them,  that  the  variable  bypass,  variable  cycle  engine  is  a 
necessary  future  requirement.  I  did  have  the  opportunity  to  get  up 
in  the  SR-71.  and  I  understand  there  was  some  earlier  discussion  of 
this  aircraft.  The  SR-71  has  a  bleed  system  which  changes  the 
pressure  within  the  turbine  engine  with  Mach  number  and  altitude. 
Tt  is  a  technique  that  has  been  known  but  what  needs  to  be  done  is 
to  be  able  to  vary  the  engine  cycle  over  the  wh '  ^  ^  flight  region  of  the 
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aircraft  in  a  very  reliable,  efficient  way  and  we  are  in  the  process  of 
learning  how  to  do  it. 

We  have,  I  think,  a  strong  interest  in  the  possibilities  of  nuclear 
power.  We  are  planning  a  modest  program  to  start  to  evaluate  its 
potential.  We  initially  propose  to  not  spend  a  great  deal,  but  to 
start  laying  out  the  tests  which  will  allow  us  to  see  whether  the 
technology  has  moved  far  enough  to  make  nuclear  power  a  reason¬ 
able  thing  for  a  large  aircraft. 

A  generation  ago,  or  maybe  10  years  ago,  the  technology  was  not 
sufficiently  advanced.  It  now  appears  to  be  that  perhaps  10  years 
from  now  it  will  be,  and  we  need  to  do  those  things  that  allow  us  to 
get  into  position  to  exploit  it. 

We  are  looking,  as  the  Navy  described,  jointly  with  them  at  syn¬ 
thetic  fuels  and  the  use  of  fuels  generated  from  shale  and  from 
coal.  That  does  look  straightforward.  It  is  something,  though,  that 
needs  to  be  carefully  done  and  thought  through. 

We  are  heavily  embarked  on  a  program  of  synthetic  materials, 
looking  at  the  graphite  composites  primarily.  We  find  that  we  can 
make  very  substantial  savings  in  cost  as  well  as  very  substantial 
increases  in  performance  using  these  materials.  We  already  have  the 
tail  surface  of  the  F-15  built  of  composites.  We  are  attempting  to 
take  a  large  wing  structure  like  the  B-1  and  make  it  out  of  com¬ 
posites  with  the  expectation  that  we  can  get  very  substantial  re¬ 
ductions  in  weight  and  in  cost.  Wo  believe  we  can  also,  with  these 
materials,  get  something  which  allows  the  wing  to  bend  and  twist 
without  destroying  its  characteristics  as  an  air  foil.  As  you  know, 
when  an  aircraft  lifts  away,  it  does  this  principally  through  the 
loads  on  the  wing  and  this  causes  a  deformation  of  the  wing.  When 
the  wing  deforms,  it  does  not  turn  out  to  be  as  good  an  air  foil  as  it 
was  originally,  and  you  get  a  less  efficient  operation. 

We  think  with  the  composites  we  can  tailor  this  bending  so  that 
we  can  keep  the  characteristics  essentially  optimal,  independent 
of  load. 

One  other  exa  f  the  use  of  composites  might  be  landing  gears 
where  about  90  p<  /  cut  of  the  original  billet,  which  is  the  start  of 
the  landing  gear,  is  machined  away  to  get  the  central  structure  which 
is  left.  It  turns  out  that  we  think  we  can  directly  avoid  this  by  going 
to  composite,  materials  with  a  very  substantial  reduction  in  weight, 
an  increase  in  useful  lifetime,  and  surely  a  decrease  in  cost. 

In  the  new  technology  areas  we  are  discovering  something  which 
has  been  known  for  a  long  time,  that  under  high  G,  the  heart 
cannot  pump  the  blood  to  the  brain  when  you  are  essentially  sitting 
in  the  direction  of  the  G  forces.  If  you  can  lean  back  and  take 
the  G’s  as  one  does  in  the  Apollo  system,  you  can  survi^•e  and 
operate  with  greater  efficiency  at  veiy  high  G  lexers.  We  are  ex¬ 
ploring,  in  the  YF-16  and  to  a  lesser  extent  in  the  YF-17,  the  tilt- 
back  seat  and  we  have  found,  for  example,  that  in  the  YF-IC  the 
pilot  gets  the  sensation  of  only  G  when  he  is  really  stressed 
up  to  6  or  7  G’s.  This  will  allow  us  to  take  better  advantage  of  the 
new  airplanes  we  can  build  that  can  sustain  flight  at  9  or  10  G. 
Unless  we  do  something  like  this  we  will  not  efficiently  use  the  pilots 
under  these  high  G’s  and  so  we  are  looking  at  the  whole  system 
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of  tiltback  seats,  primarily  to  get  higher  efficiency  from  the  aircraft 
that  we  now  can  design  and  build. 

We  are  looking  at  the  digital  signaling  system.  The  program 
within  the  Air  Force  is  called  the  DAIS.  It  is  a  cooperative  program 
with  tile  naval  facility  at  Johnsville  which  is  worbng  a  correspond¬ 
ing  part  of  the  program  for  the  Navy  together  with  us. 

As  I  said,  we  are  looking  at  fly-by-wire.  We  think  that  we  can 
get  systems  which  allow  the  safe  control  of  aircraft  through  digital 
programing  by  computers.  I  think  all  of  us  know  that  if  we  can 
make  it  safe,  we  can  make  the  aircraft  maneuvering  systems  much 
better  than  they  are  now. 

We  are  loomng  at  direct  force  control.  This  is  a  sy^m  where 
you  don’t  have  to  bank  to  turn  but  you  can  get  translational  forces 
which  can  move  you  sideways  or  up  and  down  without  banking  into 
a  turn.  It  turns  out,  if  you  can  do  this,  you  can  get  about  the  same 
forces  that  you  got  before  but  you  get  perhaps  as  many  as  five  times 
more  opportunities  to  shoot  your  guns  if  you  don’t  have  to  point 
the  airplane  in  the  line  of  the  directional  motion.  This  is  a  very 
interesting  new  program  for  us. 

We  have  a  program  for  high  supersonic  flight.  We  are  looking 
at  new  technologies  and  the  thing  that  I  wish  to  assure  you  is  that 
we  do  in  fact  have  a  very  cooperative  program  with  the  NASA  and 
the  Navy.  This  I  think  is  truly  one  set  of  programs  that  Admiral 
Moran’s  people  take  care  to  tell  us  when  they  have  something  of 
importance.  We  work  quite  closely  with  them  and  I  think  we  do 
in  this  instance  share  the  benefit  of  each  other’s  work  so  equally  that 
you  cannot  tell  by  the  color  of  the  suit  who  is  doing  the  work. 

We  would  like  to  finish  by  saying  we  are  doing  some  work  on 
hyper-velocity  vehicles.  Our  X-^  vehicle  test  program  is  nearly 
completed.  We  are  looking  at  a  change  in  the  vehicle  configuration 
in  order  to  allow  us  to  go  to  higher  speeds  and  to  higher  cruise 
conditions.  We  would  expect  to  to  able  to  launch  from  the  B-52, 
and  get  to  about  Mach  5  at  100,000  feet  with  a  controllable  aircraft. 

We  do  wish  your  continued  support  this  year  and  I  think  we  do 
have  a  program  of  substance  and  I  would  promise  you  it  is  one  which 
effectively  makes  information  from  our  side  as  available  to  others 
as  others  have  made  it  to  us. 

Thank  you. 

The  CHAraMAjf.  Thank  you  very  much.  Dr.  LaBerge,  for  your 
summary  statement.  We  are  glad  to  have  the  full  statement  for  the 
record. 

■  In  the  first  part  of  that  statement  you  discuss  a  number  of  new 
re^arch  and  development  facilities.  How  do  such  test  facilities 
relate  to  the  use  of  remotely  piloted  vehicles  for  research  purposes. 

Dr.  LaBerqe.  Well,  I  think  it  is  a  three-phased  program  and  the 
country  is  now  embarking  on  all  three  phases  to  see  what  the  ratio 
of  effort  should  be.  NASA  is  exploring  how  you  better  calculate  the 
effects  of  aerodynamics  and  they  have  a  very  fine  program  which  we 
are  working  with  them  on  which  someday  may  allow  us  to  not 
have  to  test  everything  in  the  wind  tunnel. 

We  have  four  facilities  which  we  are  coming  to  you  on  for  wind 
tunnel  testing,  two  from  NASA  and  two  from  the  Air  Force,  and 
we  with  the  NASA  are  exploring  their  AMES  program.  They  are 
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in  fact  monitoring  our  YF-16,  and  our  initial  confidence  in  our  spin 
testing  is  going  to  be  derived  from  some  work  that  they  have  done. 
Our  confidence  in  future  aircraft  will  depend  on  some  of  the  scale 
modeling  they  are  doing. 

Essentially,  we  are  trying  to  make  sure  that  the  very  expensive 
aircraft  are  not  subject  to  catastrophic  situations,  subject  either  to 
the  loss  of  life  of  the  pilot  or  the  loss  of  the  aircraft.  So  I  think  our 
1?PV  efforts  will  let  us  try  these  things  before  we  have  the  courage 
to  put  a  man  or  a  machine  into  test.  They  do  not,  however,  substitute 
well  for  the  data  taking  end  of  the  business. 

The  Chairmax.  I  was  glad  to  have  you  give  us  assurance  that 
there  is  great  cooperation  between  all  of  the  R.  &  D.  institutions, 
both  military  and  civilian,  and  that  is  a  good  thing.  But  I  wonder 
if  you  think  the  total  U.S.  R.  &  D.  effort  on  advanced  aeronautical 
concepts  is  being  funded  adequately.  Are  we  spending  enough  in 
this  area? 

Dr.  LaBeroe.  That  is  a  very  hard  question  to  answer  without  the 
context  of  the  whole  program.  This  year’s  program  I  think  I  agree 
to.  We  are  going  to  have  to  put  more  time  and  money  into  the 
advanced  concepte.  This  year  the  Air  Force  I  think  has  a  soimd 
program  but  it  is  a  constrained  program  in  the  sense  that  it  must 
finish  several  very  expensive  things  that  it  is  undertaking  in  pro¬ 
grams  like  the  B-l  and  finish  the  F-15  and  the  A-10. 1  thi&  we  are 
getting  much  more  for  our  money  than  we  ever  ^t  before  by  the 
integrated  program  we  have  and  Ve  are  going  to  nave  to  put  more 
money  in. 

The  Chairmax.  Have  we,  fallen  behind  other  countries,  do  you 
think,  in  the  provision  of  first  class  aeronautical  R.  &  D.  facilities? 

Dr.  LaBerge.  We  are  falling  behind.  The  Europeans  have,  both 
in  England  and  France,  facilities  which  are  better  than  our  current 
facilities.  They  will  not  be  as  good  as  the  ones  that  we  propose  to 
build.  The  European  community  this  month  is  again  resuming  dis¬ 
cussions  of  their  program  to  enhance  their  facilities  and  they  intend 
to  embark  on  a  program  much  like  the  one  we  talked  to  you  about. 

The  Chairmax.  What  would  you  envision  is  the  possible  schedule 
for  the  development  of  a  nuclear  aircraft  and  what  size  aircraft 
would  this  be  and  how  much  would  that  cost? 

Dr.  LaBeroe.  May  I  supply  that  for  the  record,  precisely,  because 
we  have  tried  to  go  through  this,  but  it  is  likely,  if  at  all,  to  be  at 
least  10  years  away.  There  are  some  very  substantial  hardware 
problems.  The  principle  of  operation  is  clear.  The  hardware  is  just 
not  clear.  In  our  present  guess  on  weights,  it  will  drive  you  to  air¬ 
craft  of  the  size  of  747  or  larger,  probably  in  the  million  pound 
class.  And  we  have  estimates  on  cost. 

I  would  rather,  if  I  may,  provide  them  for  the  record.  It  may  be 
quite  expensive. 

The  Chairmax.  That  may  be  done  but  as  you  see  it,  that  is  about 
10  years  away  before  we  can  really  be  into  that. 

Dr.  LaBeroe.  Yes,  Senator, 

fThe  information  follows:] 

The  development  of  nuclear  aircraft  technology  could  take  between  12  and  15 
years.  The  size  aircraft  for  which  the  technology  would  be  developed  Is  esti¬ 
mated  to  be  in  the  order  of  1.5  million  pounds  (twice  that  of  the  747).  The  cost 
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of  technology  develoiiment  could  range  from  |900  million  to  $1,700  million  de¬ 
pending  on  options  in  the  development  program. 

The  Chairman.  Well,  thank  you  very  much,  Dr.  LaBerse.  We 
appreciate  your  testimony  and  the  material  you  are  going  to  furnish 
us.  It  was  interesting.  We  are  going  to  have  you  back  again  soon 
for  another  look  as  we  keep  up  with  what  you  are  doing. 

I>r.  LaBeboe.  'Hiank  you.  Senator,  and  it  turned  out  to  be  ap¬ 
proximately  90  miles  of  wire  in  the  first  B-1,  much  of  which  in  the 
end  could  be  replaced  by  a  suitable  digital  system. 

The  Chairman.  Thank  you. 

[The  prepared  statement  follows ;] 

PBEPAKsn  Statement  or  Hon.  Walteb  B.  LaBeboe,  Assistant  Sbcbbtabt  or  the 
An  Fobce,  Rese^bch  and  Development 

Mr.  Chairman  and  members  of  the  committee,  I  appreciate  the  onportnnlt; 
to  appear  before  yon  today  to  discuss  those  facets  of  technology  t^t  are  of 
particular  Interest  to  the  Air  Force  and  which  have  the  potential  to  significantly 
contribute  to  new  aeronautical  systems.  Rather  than  review  specific  aircraft 
designs,  my  remarks  will  center  on  those  technologies  with  broad  future 
application. 

First,  we  recognise  that  success  in  the  development  of  superior  aircraft  is 
dependent  in  a  major  way  on  the  availability  of  adequate  research  and  develop¬ 
ment  test  facilities.  The  Air  Force  has  recognized  for  some  time  that  existing 
aeronautical  facilities  are  becoming  increasingly  inadequate  to  do  the  job  that 
must  be  done.  Under  the  auspices  of  the  Aeronautics  and  Astronautics  Co¬ 
ordinating  Board,  senior  representatives  from  the  Department  of  Defense  and 
NASA  have  developed  a  coordinated  plan  to  provide  the  nation  with  the  techni¬ 
cal  facilities  needed  to  develop  new  aircraft  and  supporting  aeronautical  sys¬ 
tems.  This  plan  includes  two  Air  Force  and  two  NASA  wind  tunnels.  The  Air 
Force  tunnels  are  the  High  Reynolds  Number  Test  Facility,  HIRT,  and  the 
Aeropropulslon  System  Test  Facility,  ASTF. 

The  HIRT  will  provide  full-scale  Reynolds  number  flow  in  the  transonic 
Mach  number  range  where  mixed  subsonic  and  supersonic  flows  require  that 
major  dependence  be  placed  on  tests  rather  than  on  theoretical  analysis.  Ex¬ 
perience  has  shown  that  extrapolation  from  the  lower  Reynolds  numbers  avail¬ 
able  in  current  wind  tunnels  to  full-scale  values  is  often  grossly  inaccurate  and 
results  in  less  than  desired  performance  capabilities  from  the  aircraft  Present 
tunnels  do  not  allow  for  proper  simulation  of  transonic  flows.  In  fact,  tests  In 
our  currently  available  transonic  wind  tunnels  must  be  conducted  at  Reynolds 
numbers  which  are  up  to  IS  times  lower  than  current  aircraft  operating  values. 
The  BIRT  facility  offers  great  promise  for  reducing  aircraft  development  time 
and  for  enhancing  overall  system  performance  and  efficiency. 

The  ASTF  will  overcome  the  deflciencles  in  our  present  propulsion  test  facil¬ 
ities.  The  deficiencies  I  speak  of  relate  primarily  to  the  inability  to  test  com¬ 
plete  aircraft  propulsion  systems  under  simulated  flight  conditions. 

Eoually  Important  to  producing  superior  aircraft  is  the  task  of  training  pilots 
to  fly  them.  Simulation  is  expected  to  play  an  ever  increasing  role  in  pilot 
training,  and  the  Simulator  for  Air-to-Air  Combat,  which  will  be  operational 
next  summer,  is  a  leading  example  of  our  efforts  along  these  lines.  This  two 
cockpit  simulator  will  have  six  degrees  of  freedom  and  full  380  degree  out-of- 
the-cockplt  view.  The  visual  system  is  totally  new  and  was  develop^  expressly 
for  this  simulator.  Even  the  pilots’  seats  are  new  technology.  These  seats  con¬ 
tain  31  air  compartments  which  are  computer  controlled  to  simulate  accelera¬ 
tion  forces  on  the  pilot’s  body  while  he  is  maneuvering  the  simulator.  'The  ex¬ 
perience  gained  in  the  development  of  the  Air-to-Air  Combat  Simulator,  as  well 
ns  other  advanced  simuiators.  has  so  convinced  us  of  the  importance  of  the 
nhyschologlcal  aspects  of  simulation  that  the  Air  Force  is  co-locating  human 
factors  personnel  with  simulator  engineers,  ’  ’ 

In  the  field  of  propulsion,  some  of  the  major  technology  areas  to  be  empha¬ 
sized  over  the  next  several  years  are  improved  structural  definition,  new  ma¬ 
terial  application,  variable  cycle  engines,  and  special  purpose  engines. 


Major  atractural  problema  experienced  in  the  development  of  advanoed  tur¬ 
bine  engines  bave  underscored  the  critical  need  for  improved  structural  design 
criteria  and  inceased  test  veriflcatlon  of  near  configurations  early  in  the  devel¬ 
opment  cycle.  Structural  analysis  procedures.  Instrumentation  and  teat  tech¬ 
niques  are  being  augmented  by  closely  Integrated  Air  Force/Navy  turbine  en¬ 
gine  advanced  dev^opment  programs. 

Advanced  ligbtwei^t,  high  strength,  composite  materials  will  he  developed 
for  migine  static  stmctures.  fans,  cmnpresaors,  and  turbines.  The  utilisation  of 
these  materials  has  the  potential  of  producing  substantial  Improvmnents  in 
engines  by  increasing  tluiut-to-weight  ratios,  component  speeds,  and  aerody¬ 
namic  loadings,  while  at  the  same  time  reduci^  costs  by  eliminating  component 
stages  and  par^ 

Air  Force  mission  requirements  for  efficient  operation  over  a  wide  range  of 
supersonic  and  subsonic  flight  conditions  have  created  the  need  for  a  variable 
cyde  in  future  turbine  en^es  to  vary  the  bypass  ratio,  pressure  ratio,  and 
airflow  of  the  engine  to  best  match  the  flight  conditions.  The  eltectivenees  of 
mid  and  long  term  multlmlssian  aircraft  will  be  dictated  by  the  flexibility  in¬ 
herent  in  this  type  engine.  We  believe  the  variable  cycle  technology  represents 
the  next  major  advance  in  the  development  of  the  Jet  engine  and  its  use  will 
extend  beyond  the  year  2000.  Both  the  Air  Force  and  NASA  are  sponsoring  pro¬ 
grams  to  Increase  our  variable  cycle  technology  base. 

Of  continuing  interest  are  special  purpose  engines  that  will  utilise  nuclear 
power.  The  Air  Force  and  NASA  did  extensive  work  in  the  past  in  this  area, 
but  much  remains  to  be  done  with  the  development  components  such  as  long-life 
pumps,  highly  reliable  vanes,  and  leak-free  and  durable  beat  exchangers.  We 
plan  to  b^n  a  modestly  paced  technology  program  leading  toward  a  nnriear 
propulsion  capability  for  long  range,  long  endurance  aircraft  for  application  in 
the  IflDO’s  and  beyond.  In  the  meantime,  during  the  1080's  and  into  the  1090’s, 
the  Air  Force  will  still  rely  on  hydrocarbon  type  liquid  fuels.  We  are,  therefore, 
studying  the  possibility  at^  feasibility  of  deriving  acceptable  aircraft  fuels  from 
coal  and  oil  shale  resources.  Estimates  Indicate  that  it  will  require  at  least  ten 
years  to  fuUy  develop  these  resources. 

In  the  area  of  materials,  I  would  highlight  the  composites  which  will  enable 
us  to  either  Increase  payload,  range,  and  maneuverability  of  aerospace  vehicles 
or  to  decrease  the  size  and  gross  weight  of  a  vehicle  performing  an  equivalent 
mission.  The  Air  Force  Is  currently  demonstrating  composite  empennages  and 
secondary  structures  in  the  Lightweight  Flehter  program,  and  the  F-15  has  a 
composite  stabilizer.  In  addition,  other  aircraft  composite  programs  have  been 
initiated  such  as  the  development  of  a  fighter  wing  and  the  “Weapon  Systems 
Advanced  Composites  Application  Program”  which  will  develop  bomber-scale 
wing  and  empennage  structures.  In  regard  to  cost,  composite  stmctures  offer 
the  potential  for  significant  reductions  over  conventional  metal  stmctures.  We 
are  attempting  to  exploit  the  directional  properties  of  the  composite  material  in 
wing  designs  in  such  a  way  that  the  wing  will,  under  combined  aerodynamic 
and  weight  loads,  deform  in  a  prescribed  way.  This  “load  conforming”  d^orma- 
tlon  will  be  obtained  while  satisfying  all  other  requirements  such  as  strength 
and  flutter.  This  will  allow  the  wing  to  control  its  loading  under  maneuvering 
flight  at  high  speeds  where  adverse  load  distributions  can  occur.  Thus,  future 
wing  designs  using  composites  show  promise  of  achieving  “Maneuver  Ix>ad  Con¬ 
trol”  passively,  i.e..  without  recourse  to  deflecting  auxiliary  surfaces. 

Also  in  the  area  of  composites,  the  Air  Force  has  produced  a  prototype 
graphite  composite  landing  gear  tailored  to  a  13,000  pound  class  aircraft.  A  50 
percent  Improvement  in  fatigue  life  is  indicated  with  a  30  to  40  percent  weight 
savings.  Over  the  next  ten  years,  we  shall  continue  development  of  composite 
landing  gears  for  application  to  large  aircraft. 

In  discussing  advanced  aircraft  systems,  the  bigh-G  seat,  digital  avionics, 
and  direct  force  control  are  representative  of  items  of  interest  to  the  Air 
Force.  Since  today’s  flghters  incorporate  an  unprecedented  level  of  sustained 
manenverabillty,  the  emphasis  on  added  fighter  agility  has  raised  serious 
questions  as  to  the  ability  of  the  pilot  to  effectively  function  in  this  dynamic 
environment.  Therefore,  attention  has  been  focused  on  development  of  a  hIgh-G 
cockpit  concept  whereby  the  pilot  will  be  positioned  to  provide  added  G- 
protectlon  during  extreme  combat  maneuvers.  The  program  will  determine  if 
the  hlgh-O  cockpit  does  provide  an  air  combat  advantage  and  whether  the 
Implementation  of  the  cockpit  is  technically  viable. 
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la  dicital  avionics,  the  Air  Force  has  initiated  a  program  called  Digital  Avi¬ 
onics  Information  Systmn,  DAIS.  In  dm  past,  mission  information  requirements 
have  been  estaUiahed  along  semi-autonomous  subsystem  areas  such  as  naviga¬ 
tion,  weapon  delivery,  stores  management,  flight  controls,  and  others  for  each 
new  system.  The  trend  within  each  of  these  subsystems  has  been  toward  digital 
systems  each  with  Its  unique  processing,  transfer  and  display  of  information. 
Interaction  of  requirements  between  these  subsystems  has  been  limited  to  tlut 
necessary  to  accomplish  system  integration.  The  DAI  8  concept  proposes  that  the 
processing,  multiplex,  and  display  functions  be  common  and  serve  all  the  sub¬ 
system  requirements  on  an  Integrated  basis.  To  accomplish  this,  the  Information 
is  reduced  to  a  common  digital  format  similar  to  that  In  pocket  calculators. 
With  everything  in  terms  of  numbers  of  digits,  the  common  computers  can 
switch  from  handling  a  television  display  to  a  weapon  delivery  calct^tion  and 
then  to  navigation  as  required. 

We  are,  of  course,  continuing  efforts  to  develop  those  subsystems  which  lend 
themselves  to  digital  electronics.  For  example,  we  expect  to  begin  a  Digital 
Flight  Control  System  project  next  year  to  develop  and  test  a  digital  flij^t 
control  system.  The  obje^ve  will  be  to  obtain  flight  validation  of  operationally 
representative  hardware,  software,  and  procedures.  Emphasis  will  be  placed  on 
evaluating  digital,  survlvable,  fly-by-wlre  systems  and  the  evaluation  will  be 
tailored  to  the  air-to-air  and  air-to-ground  combat  misslona  A  FF-4C  aircraft 
will  be  utiUzed  as  the  design  test  vehicle  and  we  contemplate  possible  use  of 
this  type  system  in  advanced  tactical  flghters  in  the  mid-1980’8. 

Another  area  of  interest  is  the  evaluation  of  direct  force  control  to  enhance 
aircraft  maneuverability.  Direct  force  control  is  the  ability  to  produce  and 
control  lift  and  sideforce,  or  a  combination  of  the  two,  to  affect  a  change  in 
an  aircraft's  lateral  or  vertical  position  without  a  corresponding  change  in  the 
aircraft’s  attitude  or  angle  of  attack.  The  employment  of  direct  force  controls 
have  the  potential  of  slgniflcantly  Improving  the  maneuver  and  tracing  per¬ 
formance  of  modem  tactical  fighter  aircraft.  Studies  have  shown  that  a  typical 
fighter  aircraft  employing  direct  force  controls  will  have  over  five  times  the 
gun-ln-envelope  time  of  a  conventional  fighter. 

To  summarize  advanced  development  work  in  aircraft  systems,  I  should  like 
to  mention  the  Advanced  Fighter  Technology  Integration,  AFTI,  program  just 
begun  this  year.  The  purpose  of  the  AITTI  program  is  to  develop  a  family  of 
flight  vehicles  which  will  efficiently  and  conclusively  demonstrate  the  technical 
characteristics  of  promising  technologies,  both  singly  and  in  combination.  This 
program  is  very  closely  coordinated  with  NASA's  High  Maneuvering  Advanced 
Technology  (HIMAT)  program  which  will  utilize  remotely  piloted  vehicles  to 
assess  high  risk  technology.  The  relation  of  HIMAT  to  AFTI  is  that  HIBIAT 
will  develop  high  risk  technology  to  the  point  that  the  technology  can  be  safely 
evaluated  and  demonstrated  on  the  manned  AFTI  aircraft.  This  philosophy 
provides  for  the  orderly  Identification,  assessment,  and  incorporation  of  new 
technologies  and  will  demonstrate  the  benefits  of  integrating  multiple  technol¬ 
ogies  starting  in  the  initial  design  process.  Flight  demonstration  of  selected 
integrated  technologies  can  bridge  the  gap  between  development  and  systems 
appllcaiton  and  will  reduce  the  risk  of  incorporating  advanc^  technology. 

Finally,  I  wish  to  conclude  with  a  brief  summary  of  work  in  the  area  of 
hyper-velocity  vehicles.  Once  the  on-going  X-24B  flight  test  program  is  complete, 
we  are  considering  a  change  in  the  configuration  of  the  X-24B  to  accommodate 
increased  fuel  and  a  new  engine.  Since  this  new  configuration  would  be  capable 
of  very  high  speed  flight  under  cruise  conditions,  the  airframe  would  coated 
with  a  heat  protection  material  to  protect  the  basic  structure  from  aerodynamic 
beating.  The  vehicle  could  be  launched  from  a  B-62  aircraft  to  achieve  a 
maximum  speed  of  Mach  5  at  an  altitude  of  100,000  feet.  This  would  permit  us 
to  concentrate  on  high  speed  cruise  conditions  and  evaluate  handling  qualities, 
thermal  protection  systems,  advanced  propulsion  systems,  and  the  man-machine 
problems  associated  with  this  type  of  vehicle. 

Dentlemen,  this  concludes  my  statement.  Again,  I  appreciate  the  oppomnity 
to  appear  before  this  committee,  and  will  be  happy  to  answer  any  questions. 

The  Chairman.  We  will  now  hear  from  Dr.  Robert  Cannon,  who 
is  ^sfflstant  Secretary  of  the  Department  of  Transportation  and  his 
function  there  is  Assistant  Secretary  for  Systems,  Development,  and 
Technology. 
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TBABSPOBTATIOBT 

Dr.  Cannon.  Good  morning,  Mr.  Chairman. 

The  Chairman.  Glad  to  have  yon,  Dr.  Cannon.  You  may  proceed. 

Dr,  Cannon.  Thank  you,  Mr.  Chairman.  I  am  pleased  that  you 
wrote  and  asked  me  to  testify  today  because  the  question  you  asked 
in  your  letter,  about  what  opportunities  we  may  see  for  quantum 
jumps  ill  airplane  technology  and  systems,  is  one  to  which  I  have 
given  a  great  deal  of  thought  during  the  years  I  have  been  in 
Washington  as  we  have  tried  to  see  how  to  help  our  transportation 
system  serve  our  people  even  better. 

I  have  a  special  personal  reason  for  being  glad  you  asked  me  to 
speak  today  because  I  will  be  leaving  the  (^vemment  next  month 
to  take  a  new  job  that  also  excites  me  very  much  and  this  ^ves  me 
a  chance  before  I  leave  to  share  my  thoughts  of  years  with  this 
committee  that  is  providing  such  important  leadership  to  aviation. 

I  have  eight  specific  items  to  sugge^  to  you,  but  first,  I  would  like 
to  say  just  a  few  things  about  my  basis  for  judging. 

First,  transportation  is  a  business  with  a  very  big  leverage.  It  is 
20  percent  of  the  Gross  National  Product.  It  is  the  life’s  blood  by 
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which  we  live  and  interact  with  one  another.  It  serves  us  all  well.  It 
serves  our  economic  well-being  provides  us  opportunities  to  work  at 
those  jobs  we  wish,  and  it  serves  our  quality  of  life  in  many  ways. 

The  Department  of  Transportation’s  role  is  to  maximize  trans¬ 
portation’s  contribution  to  tlmt  well-being. 

Our  great  transportation  system  and  particularly  our  wonderful 
air  transportation  system  did  not  come  amut  because  smart  planners 
in  Washington  planned  it  all  out  and  established  an  official  need  and 
decreed  the  proper  technology  to  be  developed.  It  came  about  because 
inventive  genius  and  vigorous  free  enterprise  took  advantage  of  new 
technological  opportunities  as  they  appeared  on  the  scene.  Technical 
opportunities  generate  progress  and  nothing  else  does.  It  is  govern¬ 
ment’s  job  to  foster  the  development  of  these  technological  oppor¬ 
tunities. 

I  would  like  to  speak  very  briefly  about  our  relations  with  NASA 
which  are  so  important  to  us  for  with  respect  to  air  transportation, 
NASA  plays  the  key  role,  the  role  of  the  technological  stimulator, 
developir,'  new  technological  opportunities  and  confronting  the 
ti  unsportiition  industry  and  us  in  the  DOT  with  them.  I  think  con¬ 
fronting  is  exactly  the  right  word:  The  interplay  between  technol¬ 
ogical  opportunities  and  transportation  planning — the  continual  stim¬ 
ulation  and  prodding  of  each  by  the  other — needs  to  be  nurtured  and 
institutionalized. 

In  these  years  we  have  worked  hard  to  structure  and  restructure 
this  process  of  prodding  each  other.  Some  products  of  our  determina¬ 
tion  are  the  CARD  study  which  this  committee  chartered,  the  joint 
Office  of  Noise  Abatement,  the  R.  &  D.  Policy  Office  in  my  shop 
which  is  heavily  participated  in  by  NASA,  and  the  establishment  of 
the  position  of  Special  Assistant  for  Aeronautics  which  is  occupied 
by  Mr.  Larry  Greene  who  is  well  known  to  you  for  his  vei^  impor¬ 
tant  contributions  on  the  F-86.  the  F-100.  where  he  was  chief  aero- 
dynamacist,  and  the  X-15  and  XB-70  on  which  he  wm  Assistant 
Chief  Engineer.  We  are  still  at  work  on  this  structuring,  because 
NASA  is  one  of  the  gi-eat  resources  on  which  we  have  to  draw. 

It  is  in  this  framework,  then,  of  new  technological  opportunities 
I  see  on  the  one  hand,  and  the  transportation  needs  I  see  them  serving 
on  the  other,  that  I  offer  my  observations  on  your  question  about 
opportunities  for  a  quantum  jump  in  aeronautical  technology  and 
systems.  Specifically  I  will  speak  to  eight  such  opportunities  I  see 
ahead. 

The  proper  role  of  the  Federal  Government  is  not  one  of  building 
the  Nation’s  transportation  system  but  of  providing  an  environment 
in  which  the  privately  operated  systems  can  grow  and  serve  the  Na¬ 
tion.  Thus,  the  eight  specific  technological  opportunities  I  will  discuss 
are  each  focused  on  removing  a  constraint  to  the  acceptable  growth  of 
aviation  by  making  it  quieter,  moving  it  more  smoothly,  improving 
its  interface  with  the  communities  it  serves,  insuring  that  it  is  ab¬ 
solutely  harmless  to  the  environment,  and  reducing  its  consumption 
of  scarce  resources. 

The  first,  of  the  eight  opportunities  is  in  aircraft  noise  abatement, 
particularly  the  application  of  advanced  engine  technology  and  ad- 
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vanced  capabilities  in  control  and  handling  of  aircraft  to  this  prob¬ 
lem.  The  CARD  study  had  as  one  of  its  most  important  outputs  the 
clear  finding  that  aircraft  noise  is  a  major  limiter  on  the  amount  we 
can  allow  our  air  transportation  system  to  grow  and  on  the  ways  it 
can  serve  us. 

Historically,  in  the  last  decade  the  excellent  work  of  developing 
the  fan  jet  concept  (in  which  the  Lewis  Laboratory  placed  an  impor¬ 
tant  part)  has  been  the  single  most  important  contributor  to  reducing 
aircraft  noise.  The  large  747’s,  DC-lO’s  and  L^lOll’s  operate  at  very 
much  lower  noise  levels  for  their  size  than  other  aircraft  ever  have 
before.  The  refan  program  of  NASA,  addressed  as  a  possible  solution 
to  retrofitting  earlier  noisier  aircraft,  also  makes  a  very  important 
contribution  in  the  continuing  effort  to  reduce  noise. 

Further,  operational  concepts  (on  which  im^^  jrtant  early  technical 
work  and  demonstration  work  was  carried  out  by  NASA)  to  make 
two-segment  approaches  safe  and  operationally  acceptable  will,  I  be¬ 
lieve  also  have  a  very  important  effect  on  reducing  noise  in  the  near 
term. 

Looking,  into  the  future  at  the  new  contributions  to  noise  abate¬ 
ment  that  can  be  made  by  advanced  technologv-,  I  see,  first,  additional 
advances  from  the  even-higher-by-pas.s-ratio  fan  engines.  I  see  us 
rapidly  reaching  the  point  where  the  core  of  the  jets  coming  from  the 
engines  becomes  the  basic  limiting  noisc;  level  as  we  get  more  and  more 
reduction  of  rrachinery  noise.  I  see  ^’■ery  important  work  in  under¬ 
standing  the  fundamental  way  in  which  jets  of  air  at  high  velocity 
generate  noise  as  being  one  of  the  important  technical  contributions 
that  must  be  made  and  drawn  upon. 

Below  that  floor  is  yet  another  one  which  is  often  called  aero¬ 
dynamic  noise,  the  noise  made  simply  by  the  body  of  the  aircraft 
moving  through  the  air.  particularly  in  the  landing  configuration 
where  the  aircraft  is  very  dirty.  Basic  advances  must  be  ma'*e  there. 

Finally,  the  two-segment  approach  is  only  the  first  of  sequence 
of  things  that  we  can  do.  and  will  do.  to  employ  great  fl< -;ibility  in 
the  flight  paths  of  our  aircraft  as  they  maneuver  near  airports  to 
absolutely  minimize  the  noise  impact  they  make  on  the  surrounding 
area.  The  greatest  technical  advance  that  Avill  permit  this  is  the 
microwave  landing  system  which  will  indeed  allow  us  gi'eat  flexibility 
in  the  use  of  flight  paths  (where  today  we  can  use  only  a  single  one 
or  possibly  the  two-segment  one). 

Next,  if  there  are  to  be  SST’s  flyin.<r  into  our  airports  on  more 
than  an  experimental  basis,  bas'  engine  developments  must  be  made 
which  will  permit  takeoff  with<  the  use  of  afterburners.  This  will, 
of  course,  involve  as  I  see  it  the  use  of  a  variable  cycle  engine  de¬ 
sign.  It  will  take  a  long  time  and  will  be  an  expensive  development 
project,  but  I  feel  it  is  essential  to  these  aircraft  being  acceptable. 

Of  course,  at  the  other  e.xtreme.  there  is  the  fine  work  that  NASA 
is  doing  in  quiet  STOL  aircraft.  T  think  that  work  will  have  its  im¬ 
pact  and  1  will  speak  to  that  a  little  bit  later. 

The  second  of  the  eight  opporti”iities  I  see  is  that  of  application 
of  digital  computer  technologv’  and  r  >w  sensor  technology  to  air 
traffic  control  to  make  it  even  safer,  less  expensive,  both  to  the  user 
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and  to  the  Government,  and  more  flexible  in  terms  of  much  more 
efficient  use  of  the  airspace  and  as  I  just  mentioned,  of  minimizing 
noise. 

Historically,  again  we  have  come  a  long  way  from  the  early  days 
of  air  traffic  control  by  manual  olwervation  of  radar  screens — ^which 
began  in  the  Berlin  Airlift  in  real  earnest.  Our  latest  system  now  in 
being  at  over  60  of  our  airports — the  ARTS-III  system,  and  the  com¬ 
panion  NAS  Stage  A  enroute  system — represent  the  beginning  of  the 
use  of  controllers  as  managers  rather  than  as  routine  data  processors. 
We  are  currently  handling  substantially  more  traffic  than  we  handled 
in  1969,  when  the  skys  were  filled  with  aircraft  orbiting  for  2  and 
3  hours  before  being  able  to  enter  an  airport,  where  delays  were  very 
large  indeed  and  where  air  traffic  controllers  were  suffering  from 
great  anxieties  because  of  the  difficulty  of  keeping  track  of  the  air¬ 
craft.  Those  days  are  behind  us  and  I  hope  and  am  confident  that 
they  are  behind  ns  permanently.  As  I  say,  today  we  are  handling 
stib^antially  more  traffic  than  we  had  during  those  very  trying  days 
of  1969. 

Turning  then  to  the  future  of  air  traffic  control.  I  see  a  system  in 
which  computers  carry  out  the  routine  control  functions  and  pinpoint 
surveillance,  probably  using  satellites,  allows  human  controls  to  main¬ 
tain  complete  strategic  management  of  the  positions  of  all  commercial 
aircraft,  I  see  a  day  when  all  scheduled  flights  will  be  managed  from 
block  to  block  so  thoroughly  that  there  will  be  no  waiting  time  at 
any  part  of  any  trip.  Safety  will  be  substantially  enhanced  in  the 
process,  and  costs  will  be  substantially  reduced.  This  is  a  logical  ex¬ 
tension  of  the  research  going  on  now.  We  have  already  laid  the 
groundwork  for  the  system  of  the  1990’s  which  T  firmly  believe  will 
have  these  important  characteristics. 

Mv  third  item  is  that  the  digital  comnuter  has  another  contribut’on 
to  make  and  this  is  in  cargo  origin  to  destination  management.  Air 
transportation  has  very  large  economic  contribiitions  yet  to  make  as 
a  major  mover  of  freight.  Its  contribution  is  the  short  trip  time  that 
it  ofl'ers,  but  it  is  origin-to-destination  trip  time  that  counts.  This 
means  air  plus  ground  movement.  Total  trip  management  through  ad¬ 
vanced  surveillance  technology,  through  computer  management  oi 
the  movement  of  each  shipment,  will  provide  this  much  better  origin- 
destination  service  and  will  be  an  important  contribution  in  the 
future.  ,  .  ,  . 

Our  beginning  of  this  is  a  system  called  CARDIS.  in_  which  ship¬ 
ments  from  overseas  to  this  country  are  already  being  watched 
throuc'h  dip'ital  computer  surveil1a'’ce.  It  is  interesting  that  we  were 
able  to  start  the  system  more  readily  in  the  overseas  arena  than  at 
home  because  the  institutional  constraints  turned  out  to  be  easier 
there. 

My  next  subject  is  very  quick  and  it  is  a  purely  aerodynamic 
phenomenon,  that  of  the  wake  vortex.  The  wake  vortex  currently 
limits  our  operations  near  airports.  It  is  the  limiting  factor  on  how 
rapidly  we  may  safely  land  aircraft.  The  FAA  is  moving  rapidly  to 
establish  a  capability  to  sense  and  thus  to  avoid  wake  vortices  through 
the  air  traffic  management.  At  the  same  time,  however,  it  is  important 
that  we  learn  how  to  disperse  these  vortices. 
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The  formation  of  a  vortex  is  areodynamically  fundamental  to  the 
generation  of  lift  of  an  aircraft;  and  the  larger  the  aircraft  the 
stronger  the  vortex  will  be.  So  it  is  a  question,  not  of  producing  lift 
with  no  vortex  motion,  but  of  finding  ways  to  disperse  the  vortic^ 
much  more  rapidly  than  currently  occurs.  At  our  request  NASA  is 
working  more  and  more  urgently  on  this  task.  A  great  deal  of  prog¬ 
ress  has  been  made  just  in  the  past  year. 

My  fifth  item  is  not  primarily  one  of  high  technology.  It  has  to 
do  with  ground  access  to  airports.  But  I  mention  it  bMause  it  Tdll 
be  a  truly  essential  part  of  any  improvement  in  the  air  transportation 
system. 

There  are  three  components  involved:  a  dedicated  connection  be¬ 
tween  the  airport  and  the  communities  it  serves,  circulation  in  and 
around  the  airport,  and  very  high  speed  connections  between  two 
airports. 

Let  me  speak  particularly  to  the  third  item.  I  am  thinking  of  the 
difficulties  we  have  in  being  able  to  use  two  good  airports  that  are 
close  together,  for  example,  O’Hare  and  Midway,  where  we  could 
greatly  increase  the  capacity  of  a  given  area  but  where  the  problem 
is  one  of  the  airlines  being  unwilling  to  serve  two  places  and  duplicate 
all  of  their  facilities  and  inconvenience  their  passengers.  A  particidar 
inconvenience  is  that  of  parking  at  one  airport  and  then  returning 
to  the  other.  If — and  I  believe  it,  is  possible — ^we  can  connect  such 
pairs  of  airports  with  a  10-minute  trip  time  between  them,  so  that 
going  from  one  airport  to  another  takes  no  longer  than  going  from 
one  part  of  a  single  terminal  to  another,  then  I  believe  that  we  can 
truly  move  into  a  period  in  air  transportation  development  where 
pairs  of  airooits — and  more  than  two  airports — in  many  citiea  will 
serve  as  an  important  means  of  solving  the  airport  capacity  problem 
in  very  heavy  terminal  areas. 

I  think  a  technological  breakthrough  that  will  contribute  to  this 
is  the  tracked  levitated  vehicle  which  can  move  easily  at  sp>eeds  of 
150  to  200  miles  an  hour  with  very  minimal  maintenance  on  the 
guideways.  The  guideways  must,  of  course,  be  elevated  or  tunneled, 
but  they  can  be  substantially  less  expensive  and  require  much  less 
maintenance  than  even  conventional  rail.  I  think  this  is  a  technology 
that  really  will  have  f.n  important  helping  effect  on  air  transporto- 
tion.  I  will  be  glad  to  discuss  it  a  little  further  if  you  wish,  Mr. 

Chairman.  •  i  xv  * 

Short-haul  air  transportation  in  particular  is  so  marginal 
onlv  if  major  ground  access  improvements  can  be  made  will  it  be 
viable.  I  want  to  say  here  that  we  will  always  try  to  foster  alterna¬ 
tives.  We  will  always  try  to  foster  both  the  air  and  ground  compon¬ 
ents  of  travel  between  cities  where  the  distances  are  in  that  region 
of  overlap  that  can  indeed  be  served  by  high  speed  ground  transpor¬ 
tation.  for  example.  We  want  to  give  the  people  a  choice  and  we 
want  the  market  to  determine  what  the  answer  is,  but  we  do  not  want 
to  constrain.  Indeed,  we  want  to  foster  all  of  the  opportunities  that 
are  economically  viable  to  pursue.  •  x  j 

Ijet  me  turn  next  to  the  regime  where  air  transportation  panels 
alone,  the  long  trip  transportation  regime,  and  to  an  item  that  is 
high  technology  indeed.  A  major  advance  in  combustion  technology, 
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together  with  a  deliberate  unstinting  program  of  atmospheric  moni¬ 
toring,  will  I  believe  be  e^ntial  to  commercial  operation  at  higher 
altitudes  than  we  are  presently  using.  We  are  in  the  final  year  of 
the  Climatic  Impact  Assessment  Program  (CIAP).  The  NASA,  along 
with  NOAA  and  many  others,  have  played  a  very  important  role 
with  us  in  gathereing  the  data  and  making  the  assessments  needed 
to  carry  out  this  program.  The  results  are  not  yet  available.  What 
we  have  been  able  to  do  is  to  make  the  measurements  that  represent 
the  pieces  of  the  jigsaw  puzzle  about  how  the  flight  of  aircraft  at 
very  high  altitudes  could  impact  the  climate  and  the  biosphere  of  the 
earth  in  various  ways.  We  were  able  to  complete  our  measurements 
the  first  time  around  on  the  various  pieces  of  the  puzzle,  and  we  are 
now  very  hard  at  work  putting  the  pieces  together  to  see  what  con¬ 
clusions  can  be  drawn.  This  will  take  the  better  part  of  the  summer 
and  early  fall  and  we  will  make  our  report  to  the  Congress  as 
promised  in  December  of  1974. 

I  can,  however,  m;  ke  some  comments  about  the  sort  of  result  that 
could  come  from  these  studies.  It  may  turn  out  to  go  like  the 
following. 

If  we  do  the  right  things,  on  time,  it  may  be  safe  for  us  to  operate 
at  higher  altitudes.  If  we  do  continue  the  movement  toward  higher 
altitudes,  both  by  increasing  the  number  of  SST  operations  and  in¬ 
deed  operations  by  the  suteonic  fleet  also,  specifically  with  today’s 
engines  and  fuels,  it  could  lead  to  serious  consequences  indeed.  And 
again  I  will  be  pleased  to  discussed  these,  Mr.  Chairman,  if  you 
want  to  take  more  time. 

The  right  things,  the  things  that  we  must  do,  will  include  first  de¬ 
veloping  the  combustors  in  engines  to  the  point  where  they  can  bum 
with  a  much  lower  production  of  nitrous  oxides :  second,  the  monitor¬ 
ing  and  the  carrying  out  of  continuing  research  in  the  atmosphere, 
to  learn  with  more  and  more  confidence  what  the  interactions  are 
and  what  the  dangers  may  be  in  absolute  quantitative  terms. 

The  engine  research,  the  monitoring  and  the  upper  atmospheric 
research  all  are  in  the  bailiwick  of  NASA  with  some  help  from 
NOAA  on  the  latter.  They  have  been  working  with  us  up  to  this 
point.  Even  though  the  DOT  budget  in  this  area  is  on  the  order  of 
^7  million  per  year,  the  expenditures  by  NASA  and  NOAA  in  these 
areas  which  are  of  direct  application  to  this  problem  are  on  the  order 
of  $.30  million  and  $lo  million  per  year  respectively.  This  work  must 
go  on  and  it  must  continue  to  be  focused  on  these  specific  problems 
so  that  our  confidence  and  our  understanding  and  the  sureness  that 
we  are  proceeding  properly  can  be  increased  from  year  to  year. 

Finally,  stringent  regulation  developed  with  the  most  deliberate 
care  among  the  nations  must  be  instituted  and  maintained.  Tliis,  of 
course,  is  the  responsibility  of  the  FA  A  and  they  are  beginning  this 
’''"ork.  _  .  . 

We  have  time  to  do  this  one  right,  without  crisis  and  without  dam¬ 
age.  Here  is  one  technological  advance  where  we  are  doing  our  tech¬ 
nological  assessment  in  plenty  of  time.  We  know  what  to  do.  But  we 
have  to  start  now. 

If  I  can  add  a  personal  note  to  this.  I  have  given  this  matter  a 
great  deal  of  thought  mA-self  and  I  have  a  very  strong  conviction 
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that  \ve  must  take  no  chances  at  all  of  disturbing  in  any  way  the 
plicate  balance  of  the  environment  we  live  in  on  this  precious  planet. 
Having  said  that,  I  also  have  the  conviction  that  it  we  f-o-n  safely 
°^™te  at  higher  altitud^  and  at  higher  speeds,  the  contributions 
which  this  new  level  of  air  transportation  can  make  to  the  economic 
well-being  of  the  world  will  indeed  be  so  great  that  our  generation 
will  make  a  major  contribution  by  pursuing  it. 

I  think  there  is  an  analogy  that  will  explain  why  I  feel  this  way. 
Before  there  were  jet  aircraft — ^the  people  at  the  centers  of  culture 
in  New  York,  Philadelphia,  and  Boston  and  the  center  of  government 
in  Washington — had  a  certain  amount  of  dialog  together.  But  the 
people  on  the  west  coast  were  really  not  nearly  as  active  in  participa¬ 
tion  in  the  culture  and  business  of  the  country  as  they  have  l^n  since 
the  jet  came  into  being.  There  seems  to  be  a  major  difference  between 
being  able  to  travel  between  two  points  in  4i^  hours  and  taking  8 
hours  for  the  trip.  California  is  very  much  closer  to  the  east  coast 
now,  and  thus  people  who  live  anywhere  in  our  comitry  participate 
much  more  heavily  in  the  culture  of  our  country  than  was  possible  be¬ 
fore  the  jet. 

I  now  extend  this  analogy  to  the  cultures  and  peoples  of  other  coun¬ 
tries  who,  by  very  high  speed  air  transportation,  would  also  be  on 
the  order  of  3  or  4  or  5  hours  away ;  and  what  I  see  is  a  true  awaken¬ 
ing  and  a  true  bringing  together  of  the  peoples  of  the  world  through 
this  medium.  I  think  it  is  something  that  we  will  not  want  to  deny 
ourselves,  and  as  long  as  we  can  be  very  safe  and  very  sure  that  we 
are  safe  with  respect  to  our  environment,  I  think  it  is  a  course  of 
action  that  is  likely  to  be  pursued. 

Finally,  I  would  like  to  talk  very  briefly  about  the  very  long  term, 
three  to  six  decades  away.  Here  the  challenge  will  be  for  aviation  to 
continue  to  serve  in  an  era  of  increasing  scarcity  of  energy  and  of 
critical  materials. 

My  seventh  item,  which  is  the  development  of  aircraft  of  con¬ 
tinually  advancing  performance,  but  without  using  exotic  scare  ma¬ 
terials  for  their  structures,  will  call  for  engineering  ingenuity  at  the 
highest  level. 

And  my  eighth  point  is  that  powering  such  aircraft  without  draw¬ 
ing  heavily  on  natural  petroleum  will  require  a  breakthrough  in 
fuel  technology  or  perhaps  in  other  means  of  propulsion  such  as  you 
discussed  a  little  earlier  this  morning. 

I  suspect  that  there  may  be  even  two  more  quantum  jumps  in  the 
speed  at  which  we  travel  very  long  distances  aroimd  our  globe,  with 
major  economic  benefits  to  mankind  each  time;  but  we  must  be 
abrolutely  certain  that  there  will  be  no  adverse  side  effects.  There  is  a 
lot  of  new  engi  leering  between  here  and  there. 

That  concludes  my  statement,  Mr.  Chairman. 

The  Chairman.  Thank  you  very  much.  Dr.  Cannon.  I  am  pleased 
with  your  statement.  You  obviously  have  given  a  lot  of  consideration 
to  it  and  set  down  the  various  points  that  you  see  where  we  must 
make  this  breakthrough  and  must  move  ahead  all  the  way  from 
ground  systems  to  new  fuels  and  materials,  and  I  appreciate  your 
assessment  of  the  problems  and  your  indications  that  DOT  is  working 
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in  concert  with  the  other  agencies  concerned  with  aeronautics  and 
trying  to  find  solutions. 

The  report  that  will  be  issued  this  fall  should  be  very  interesting 
and  I  will  be  looking  for  that  when  it  comes  out. 

I  did  not  know  that  you  were  about  to  leave  and  I  do  not  know 
how  soon  you  are  going  to  leave  Government  service.  Do  you  mind 
telling  me  where  you  are  going! 

Dr.  Cannon.  Mr.  Chairman,  I  will  be  Chairman  of  the  Division  of 
Engmeering  and  .^plied  Science  at  Cal  Tech. 

Tne  Chairman.  Cal  Tech.  Very  good.  Well,  we  certainly  wish  you 
well. 

Dr.  Cannon.  Thank  you,  sir. 

The  Chairman.  And  we  know  that  that  will  be  a  very  satisfying 
assignment  and  you  have  done  a  great  job  while  you  have  been  here. 
We  have  been  glad  to  have  had  your  service  on  the  Federal  scene 
during  this  period  of  time  and  it  is  most  encouraging  to  find  that 
Trans^rtation,  the  Department  itself,  is  involved  m  this  effort 
of  finding  and  developing  new  technology  as  vigorously  as  is  being 
done.  We  sometimes  have  a  tendency  in  our  Government  to  get  sort 
of  diversified  and  get  several  departments  working  in  isolation  on 
overlapping  problems  but  in  this  case  it  is  quite  reassuring  that  there 
is  close  communication  and  structuring  so  that  you  work  in  concert 
and  not  in  watertight  cells  and  that,  therefore,  we  get  technical  assist¬ 
ance  flowing  from  one  to  the  other. 

On  the  long-term  fuel  problem,  do  you  see  that  as  really  getting 
into  another  type  of  fuel  rather  than  the  one  we  depend  on  now,  fossil 
fuels,  or  is  it  ii^roving  the  technology  of  using  fossil  fuels? 

Dr.  Cannon.  Well,  of  course,  it  is  some  of  each.  In  the  near  term  it 
has  to  be  improving  the  technology  of  using  fossil  fuels  since  the 
near  term  does  not  hold,  as  I  have  come  to  xmderstand  it,  the  oppor¬ 
tunities  to  use  an  alternative.  But  in  the  long  term  that  I  mentioned, 
the  three  to  six  decades  hence,  aviation,  if  its  growth  continues  in 
the  ways  that  our  intuition  tells  us  it  will,  bids  to  become  almost  the 
major  user  of  petroleum,  and  we  all  know  the  rate  at  which  we  are 
consuming  our  petroleum  and  how  long  we  can  continue  to  consume  it 
at  these  rates.  TTiat  is  why  I  see  no  alternative  but  to  find  a  way  to 
fly  ultimately  without  consuming  naural  petroleum  fuels. 

As  you  know,  transportation  uses  about  50  percent  of  the  petroleum 
that  is  used  in  this  countrj'.  As  of  today,  some  80  percent  plus  of  this 
is  used  by  highway  vehicles,  and  air  transportation  uses  only  a  small 
percentage.  But  the  growth  of  aviation  that  my  intuition  tells  me 
will  occur  will  lead  to  a  very  much  higher  percentage  use  by  aviation 
three  decades  from  now. 

The  Chairman.  Dr.  Fletcher  said  this  morning  that  we  should  not 
be  immediately  involved  in  the  development  of  the  SST  but  we 
should  be  working  on  the  technology  so  that  when  we  were  ready  to 
go,  then  we  could  provide  one  with  the  various  necessary  safeguards, 
and  so  on,  that  were  outlined  for  it.  Do  you  concur  with  that  general 
view  of  Dr.  Fletcher? 

Dr.  Cannon.  Yes,  I  do.  I  believe  that  the  question  of  whether  this 
Nation  becomes  involved  in  SST  development  will  certainly  be  one 
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the  last  time  around,  and  acceding  very  meticulously  to  those  wishes, 
wo  have  been  careful  not  to  become  involved  in  the  fostering  or  active 
development  in  any  way  of  SST  aircraft  during  these  years  but  only 
of  being  sure  that  we  understand  all  we  possibly  can  about  what  the 
consequences  might  be  of  their  flying  and  particularly  being  very 
sure  that  we  either  see  ways  or  else  develop  prohibitions  to  keep 
us  completely  safe  from  their  side  effects  with  respect  to  noise  and 
particularly  with  respect  to  this  atmospheric  problem. 

In  the  latter  case  it  was  quite  interesting  to  find  that  although  we 
began  the  study  (CIAP)  looking  for  what  the  impact  of  SST’s 
might  be — bearing  in  mind  that  whether  this  country  builds  them 
or  not  other  countries  are  so  engaged  and  are  likely  to  develop  them, 
and  needing  to  know  what  our  position  would  be  with  respect  to 
these  other  countries  and  to  have  the  best  possible  knowledge  base 
for  development  of  a  position,  we  found,  however,  that  not  only 
SST’s  but  subsonic  aircraft  as  they  move  to  higher  and  higher  alti¬ 
tudes  are  a  potential  source  of  danger.  And  so  we  have  broadened 
the  scope  of  our  activity  in  this  area. 

The  Chairman.  Do  you  also  feel  that  other  countries  are  really 
moving  ahead  of  us  in  R.  &  D.  facilities  in  the  aviation  field  ? 

Dr.  Cannon.  I  think  I  should  defer  to  Dr.  Fletcher  and  Dr. 
LaBerge  and  the  other  witnesses  you  have  had  who  have  studied 
these  facilities  with  obviously  much  more  care  than  I  have.  The 
facilities  under  my  own  direction  or  purview  have  to  do  largely 
with  our  management  of  the  air  traffic  control  system,  as  you  know, 
together  with  our  upper  atmospheric  research  activities,  so  that  when 
it  comes  to  wind  tunnels,  engine  facilities,  and  so  on,  I  look  to  NASA 
for  information  and  a  judgment. 

The  Chairman.  Well,  thank  you  very  much.  Dr.  Cannon.  We 
surely  appreciate  your  statement  and  you  have  helped  us  by  giving 
us  a  little  better  view  of  where  we  are  moving  and  what  we  are 
doing  and  what  we  have  to  do.  We  will  look  forward  to  a  continuing 
association  with  you  for  the  remainder  of  your  Federal  term  and  also 
when  you  get  to  Cal  Tech. 

Dr.  Cannon.  Thank  you  very  much,  Mr.  Chairman. 

The  Chairman.  Thank  you. 

In  addition  to  witnesses  invited  to  appear  before  this  committee, 
we  have  invited  a  number  of  organizations  to  send  the  committee  a 
statement  for  the  record  if  they  wish  to  do  so.  Without  objection, 
those  statements  will  be  printed  at  an  appropriate  point  in  these 
hearings.  (See  p.  180.) 

That  completes  our  list  of  witnesses  for  this  morning.  We  will 
return  on  Thursday  morning  at  9;.80  to  continue  the  hearings. 

[Whereupon,  at  12:2.5  p.m.,  the  committee  was  adjourned,  to  re¬ 
convene  Thursday,  July  18,  1974,  at  9:30  a.m.] 
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CIOUMITTEE  ON  AERONAUTICAL  AND  SpACE  SCIENCES, 
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The  committee  met,  pursuant  to  recess,  at  9 :35  a.m.,  in  room  235, 
Russell  Senate  Office  Building,  Senator  Barry  M.  Goldwater  pre¬ 
siding. 

Present:  Senators  (loldwater  and  Bartlett. 

Also  Present :  Robert  F.  Allnutt.,  staff  director ;  Craig  M.  Peterson, 
chief  clerk/counsel;  James  J.  Gehrig,  Glen  P.  Wilson,  Craig  Voor- 
hees,  Jerry  Staub  and  Gil  Keyes,  professional  staff  members;  Mary 
Rita  Robbins,  clerical  assistant ;  Charles  F.  Lombard,  minority 
counsel,  and  Anne  Kalland,  minority  clerical  assistant. 

Senator  (Joidwater.  The  meeting  will  come  to  order. 

Senator  Moss,  the  chairman  of  the  committee,  is  detained  at  a 
party  caucus  and  cannot  be  here,  so  I  will  get  the  show  on  the  road. 

This  is  a  resumption  of  the  hearings  on  Advanced  Aeronautical 
Concepts  that  we  started  the  other  day.  We  have  five  witnesses.  It 
is  my  understanding  that  this  is  the  first  time  in  over  30  years  that 
a  committee  of  Congress  has  received  testimony  on  the  subject  of 
lighter-than-air  vehicles.  I  hope  we  would  not  have  to  wait  until  the 
year  2004  for  the  next  set  of  hearings. 

I  might  say  that  I  have  been  very  surprised  at  the  amount  of 
interest  that  has  been  shown  across  this  country  in  this  subject. 
When  we  first  talked  about  it,  I  thought  the  last  believers  in 
dirigibles  disappeared  in  Lakehurst  many  many  years  ago  but  as  I 
mentioned  the  other  day,  I  think  I  have  been  made  an  honorary 
member  of  about  five  lighter-than-air  clubs  already  and  in  as  much 
as  balloon  rating  is  the  only  rating  I  do  not  have,  I  am  going  to 
have  to  go  out  and  get  one  of  those. 

Our  first  witness  is  Mr.  Gordon  Vaeth,  director,  system  engineer¬ 
ing,  National  Environmental  Satellite  Service.  You  may  proceed. 

[The  biography  of  Mr.  Vaeth  follows:] 

Bioorapkt  of  J.  Gordon  Vaeth,  Dibector,  Stbtemb  Bnoinxbriho,  Natioital 

EimRONUERTAI.  SATELLITE  SERVICE,  NOAA 

J.  Gordon  Vaeth  graduated  from  New  York  University  in  1941.  Daring  World 
War  II,  he  served  as  a  gronnd  officer  with  airship  commands  of  the  Atlantic 
Fleet  and  acquired  a  background  in  lighter-than-air  operations  which  he  seeks 
now  to  apply  to  the  revival  of  the  very  large  airship.  Following  the  war,  he 
became  a  member  of  the  ONR  stratosphere  balloon  projects  HBLIOS  and 
SKYHOOK  and  later  headed  the  New  Weapons  and  Systems  Division  of  the 
U.S.  Naval  Training  Device  Center.  His  specialty  at  NTDC  was  flight  and 
missile  performance  simulation.  Author  of  the  flrst  popular  book  published  in 
this  country  on  high-altitude  rocketry  and  spaceflight,  bis  writings  in  the  1960*8 
are  among  the  earliest  in  the  literature  of  astronautics.  He  was  briefly  a  mem- 
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ber  of  Project  Orbitor  which  preceded  Vanguard.  As  a  member  of  the  Technical 
Staff  of  the  Advanced  Research  Projects  Age>  he  was  responsible  for  tech¬ 
nical  matters  pertaining  to  Man-in-Space.  A  >atributor  on  airships  to  the 
Encyclopedia  Brltannica,  he  has  authored  six  books,  including  GRAF  ZEP¬ 
PELIN,  and  over  100  artlclee  and  papers,  many  of  which  deal  with  the  aiq;>U- 
cations  of  li(d>ter-than-alr  technology.  An  Associate  Fellow  of  the  American 
Institute  of  Aeronautics  and  Astronautics,  he  was  one  of  the  organisers  of  the 
“Helium  Horse"  session  of  the  AIAA's  1974  Annual  Meeting.  A  member  of  the 
Britisb  Interplanetary  Society,  Llghter-Than-Alr  Society,  and  the  U.S.  Naval 
Institute,  he  is  a  blographee  of  WHO'S  WHO  IN  AMERICA. 

STATEMEHT  OF  J.  QOBDOH  VAETE,  OISECTOB,  SYSTEM  EHOIHEEB- 

nro,  HATIOMAL  EHVIBOMMENTAL  SATEUITE  SEBVICE,  MA- 

TIOHAI  OCEAMIC  AMD  ATMOSFHEBIC  ASMIHISTBATIOH 

Mr.  VAirra.  Thank  you.  Senator.  Mr.  Chairman,  on  behalf  of  the 
increasing  number  of  individuals  in  Government,  industry,  and  the 
academic  community  who  believe  that  lighter-than-air  vemcles  offer 
a  way  to  a  more  productive  aeronautical  future,  I  want  to  thank 
this  committee  for  the  opportunity  to  appear  before  it  to  discuss  the 
potential  offered  by  very  large  airships  or  dirigibles.  My  apprecia¬ 
tion  is  made  all  the  greater  by  the  fact  which  you  have  jiM  men¬ 
tioned,  that  this  is  the  6rst  time  that  testimony  on  this  subject  has 
been  invited  by  a  committee  of  the  Congress  in  probably  well  over 
a  garter  of  a  century. 

The  comments  and  recommendations  that  I  have  to  offer  are 
based  on  my  experience  as  a  member  of  naval  airship  commands 
during  World  War  II  and,  more  recently,  on  my  awareness  as  a 
governmental  technologist  of  what  might  be  achieved  by  applying 
aerospace  progress  in  materials,  structures,  and  power  plants  to  the 
improvement  of  airship  safety,  performance,  and  utility.  My  views 
are  my  own  and  do  not  represent  those  of  the  National  Environ¬ 
mental  Satellite  Service  of  NOAA,  which  I  am  privileged  to  serve 
as  director  of  system  engineering. 

Exemplified  by  America’s  Akron  and  Macon,  Britain’s  R-lOO  and 
R-101,  and  Germany’s  Graf  Zeppelin  and  Hindenburg,  large  air¬ 
ships  were  abandoned,  presumably  forever,  in  the  1930’s.  Now,  sud¬ 
denly,  we  are  seeing  an  international  revival  of  interest  in  returning 
them  to  the  sky.  In  England,  a  25-raillion-cubic-foot  cargo-carrying 
ship — the  Hindenburg,  by  contrast,  was  7  million  cubic  feet — possess¬ 
ing  a  payload  greater  than  600,000  pounds  has  been  the  subject  of 
a  study  by  the  Cranfield  Institute  of  Technology.  Airfloat  Trans¬ 
port  Ltd.,  of  London  is  proposing  a  46-million-cubic-foot  vehicle 
for  a  similar  purpose.  And  Shell  Laternational  is  reportedly  pursu¬ 
ing  a  100-million-cubic-foot  design  to  transport  natural  gas.  In  the 
developing  countries,  the  dirigible  is  increasingly  seen  as  a  means 
to  bring  transportation  to  the  interior  where  roads,  railways,  and 
air  facilities  are  nonexistent  and  where  they  would  be  extremely 
costly  to  provide.  The  airship’s  ability  to  operate  quite  independently 
of  ground  facilities  and  to  move  with  great  fiexibility  in  and  out  of 
essentially  unprepared  clearings  in  jungle  and  hinterland  areas  hp 
excited  the  interest  not  only  of  a  number  of  specific  governments  in 
Africa  and  South  America,  but  also  cf  the  Organization  of  Ameri¬ 
can  States,  the  Inter- American  Development  Bank,  the  World  Bank, 
and  the  Organization  for  Economic  Cooperation  and  Development. 
In  the  United  States,  NASA’s  forthcoming  airship  feasibility  study 
and  the  Lighter-Than-Air  Workshop,  to  be  held  in  September  under 
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NASA,  Navy,  and  Department  of  Transportation  sponsorship,  are, 
of  course,  helping  generate  this  renewed  interest,  as  is,  of  course, 
the  professionid  ezporare  being  given  to  the  subject  by  the  American 
Institute  of  Aeronautics  and  Astronautics. 

Just  why  is  the  airship  attracting  such  attention  t  The  reasons 
have  a  lot  to  do  with  the  ener^,  environmental,  and  transportation 
problems  of  today.  The  dirig^e  is  an  energy-saver  for  one  thing. 
Being  lighter  than  air,  it  neca  expend  no  propulsive  energy  to  over¬ 
come  gravity,  using  ite  en^nes  only  to  move  and  maneuver.  Com¬ 
pared  with  jet  aircraft,  its  fuel  requirements  are  low.  Larm,  slow- 
turning,  counter-rotating,  stern-mounted  propellers  can  make  it  ex¬ 
ceptionally  quiet,  and  it  can  be  driven  by  environmentally  desirable 
closed-cycle  powerplants. 

It  can  be  sized  to  carry  payloads  of  up  to  1  million  pounds  with 
almost  no  limitation  on  payload  dimension.  It  can  transport  extra 
large,  fully  assembled  structures  and  equipment  and  do  so  over 
intercontinental  distances.  Operating  as  a  VTOL,  it  makes  possible 
delivery  of  those  loads  to  open  areas  or  fields  without  heavy-duty 
runways  or  other  costly  and  ecologically  disturbing  site  preparations. 
By  hovering  over  pick  up  and  delivery  points,  it  holds  promise  of 
being  able  to  load  and  unload  items  without  actually  landing,  winch¬ 
ing  cargo  up  and  down  while  maintaining  position  with  thru^  vector 
control  and  buoyancy  management.  Alternatively  it  might  use  a  type 
of  shuttle  craft  between  itself  and  the  ground.  The  nybrid  Aero- 
crane,  a  combination  balloon  and  helicopter  now  being  studied  under 
a  Navy  contract,  and  described  by  the  Navy  to  this  committee  on 
Tuesday,  could  be  jxist  that  vehicle.  Whatever  the  pick  up  and  de¬ 
livery  technique  actually  used,  the  ability  of  such  a  merchant  ship 
of  the  sky  to  provide  long  distance  point-to-point  transport  of  cargo 
without  landing  could  radically  change  our  concepts  for  moving 
things  by  air. 

The  airship’s  potential  for  commerce  has  drawn  to  it  a  number  of 
would-be  users.  John  R.  Norton  III  of  Phoenix,  Ariz.,  a  major 
produce  grower,  is  typical.  In  terms  of  only  lettuce,  he  ships  600,000 
pounds  of  it  every  day.  Concerned  over  the  shortage  of  refrigerated 
railroad  cars  and  by  the  problems  of  rail  service,  concerned,  too, 
over  the  possible  effects  of  fuel  shortages,  reduced  highway  speeds, 
and  rising  costs  of  truck  transport,  he  sees  in  the  100  mph  airship 
a  vehicle  to  overcome  and  overfly  the  problems  of  domestic  surface 
transportation.  He  also  sees  it  as  a  means  to  develop  markets  overseas. 

Stephen  J.  Keating,  program  luanager.  Airborne  Heavy  Lift 
Transportation  Systems,  for  combustion  engineering  of  Windsor, 
Conn.,  is  another.  At  the  “Helium  Horse”  airship  session  of  the  an¬ 
nual  meeting  of  the  American  Institute  of  Aeronautics  and  Astro¬ 
nautics  this  past  J anuary,  his  remarks  concerning  the  transportation 
of  large,  preassembled,  nuclear  reactor  components  to  inland  desti¬ 
nations  made  an  exceptionally  strong  case  for  the  airship.  In  view  of 
the  goal  of  making  the  United  States  self-sufficient  in  energy,  his 
statement  of  the  transportation  needs  facing  the  builders  of  nuclear 
electrical  generating  plants  urgently  deserves  a  solution,  be  it  bv 
airship  or  other  means. 

Nuclear  energy  brings  to  mind  nuclear  propulsion  and  here  the 
dirigible  really  offers  a  unique  opportunity  for  a  genuine  quantum 
jump.  Airships,  being  displacement  vessels,  resemble  surface  ships 
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and  submarines  far  more  than  they  do  airplanes.  As  mentioned 
earlier,  their  energy  needs  are  low.  Thus,  for  nuclear  propulsion, 
they  need  less  powerful  reactors  and  less  Yielding.  Also,  by  virtue 
of  their  size^  radioactively  “hot”  elements  can  be  effectively  isolated 
and  cushioning  and  shock-absorbing  mounting  systems  provided  to 
safeguard  against  a  nuclear  mishap  in  event  of  a  crash. 

The  nuclear  propulsion  of  both  aircraft  and  spacecraft  has  proven 
an  elusive  goal.  Considering  the  comparative  simplicity  of  adapting 
a  nuclear  engine  to  an  airmiip,  why  not  do  so  and  use  it  as  an  air¬ 
borne  testbed  (flying  mainly  over  the  ocean)  to  develop  the  tech¬ 
nology  and  operating  experience  needed  to  achieve  these  long-stand- 
ing,  promising,  yet  unfulfilled  applications  of  atomic  power  f 

The  value  of  a  nuclear-propelled  dirigible  is  not  limited  to  just 
a  testbed  application  however.  Naval  Research  Laboratory  memo¬ 
randum  report  2463  of  July  1972,  for  example,  gives  the  payload  for 
any  range  of  a  nuclear-driven  22-million-cubic-foot  airship  at 
655,000  pounds !  This  sort  of  performance  should  be  of  sp^ial  interest 
to  the  Defense  l^partment’s  Military  Airlift  and  Military  Sealift 
Coi^ands,  particularly  in  view  of  the  dirigible’s  already-cited 
ability  to  operate  without  runways  or  prepared  sites.  I  might  add 
that  ue  Office  of  the  Navy  Comptroller  has  recently  taken  an  interest 
in  this  airlift-by-airship  concept. 

Unlimi^  range  im^ies  unlimited  endurance,  each  within  human 
and  practical  limits,  of  course.  From  this  standpoint,  the  ability  of 
such  an  airborne  vehicle  to  maintain  continuous,  unrefueled,  and 
weeks-long  station  oyer  the  remotest  of  ocean  areas  in  antisubmarine 
surveillance  is  particularly  timely  and  important.  Able  to  deploy 
and  tow  what  would  probably  be  the  largest  passive  sonic  arrays 
ever  used  by  a  moving  naval  unit,  able  to  do  so  without  generating 
the  hull  and  screw  noises  that  handicap  surface  ships  in  their  anti¬ 
submarine  listening,  able  to  maintain  a  hovering  “silent  presence” 
in  developing  an  underwater  contact,  able  to  chase  after  the  contact 
at  100  mph  or  better  without  regard  for  sea  state,  and  able  to  carry 
out  an  attack  either  itself  or  by  the  aircraft  or  RPVs  (Remotely 
Piloted  Vehicles)  that  it  could  carry,  laimch,  and  recover,  the  in- 
d^nite  range,  indefinite  endurance,  antisubmarine,  nuclear-propelled 
airship  could  revolutionize  naval  tactics  and  thinMng. 

Mr.  Chairman,  I  would  like  to  invite  the  committee’s  special  atten¬ 
tion  to  this  naval  application  of  the  dirigible.  Evaluation  of  the 
future  usefulness  of  the  airship  is  being  tied  much  too  much,  in  mv 
ojiinion,  indeed  almost  entirely,  to  its  commercial  uses.  This  naval 
mission,  which  is  also  possible  with  conventional  propulsion  and  re¬ 
fueling  at  sea,  is  an  application  to  be  decided  more  by  military 
considerations  than  by  such  factors  as  ton-mile  costs.  I  strongly  urge 
that  this  airborne  version  of  the  Sea  Control  Ship,  intended  to  aug¬ 
ment  the  capabilities  of  the  surface  version,  be  examined  in  depth. 

I  would  like  to  depart  from  my  prepared  statement  at  this  point 
and  comment,  as  I  feel  I  must,  upon  Vice  Admiral  Moran’s  testi¬ 
mony  on  Tuesday  that  airships,  blimps  being  the  term  used,  have 
no  foreseeable  usefulness  for  antisubmarine  warfare.  The  reason  be 
gave  was  the  airship’s  alleged  inability  to  make  headway  against  the 
wind  in  pursuing  a  high  speed  submerged  submarine.  Frankly,  if 
he  was  thinking  of  pitting  a  1940  vintage  nonrigid  airship  or  blimp 


89 


against  a  1974  attack  or  ballistic  submarine,  1  would  be  the  first  to 
agree  with  him.  But  what  we  are  talking  about  here  is  an  airship 
of  the  1970’s  and  1980’s,  capable  of  flank  speeds  twice  that  possible 
in  World  War  II  and  carrying  on  board  aircraft  and  RPV’s  to 
execute  an  attack  if  the  airship  for  some  reason  is  itself  prevented 
from  doing  so.  In  replying  to  the  question  put  to  him  on  airships 
and  antisubmarine  warfare,  I  am  confident  that  Admiral  Moran 
was  not  thinking  of  airship  capabilities  in  this  modernized  context. 

In  other  and  less  controversial  areas,  airships  have  still  other 
possibilities,  for  geophysical  exploration,  for  oceanic  work,  for  nat¬ 
ural  disaster  relief,  for  environmental  monitoring,  and  for  diplomatic 
initiatives  leading  to  new  applications-oriented  programs  of  inter¬ 
national  cooperation.  In  this  latter  regard,  one  might  visualize  the 
airship  as  a  partner  of  the  Earth  resources  satellite,  the  spacecraft 
identifying  the  location  of  these  resources  for  developing  countries 
and  the  dirigible  providing  the  means  of  access  to  them. 

To  make  use  of  the  benefits  offered  by  large  dirigibles,  I  feel  we. 
should  keep  three  things  in  mind: 

First,  that  the  last  such  ship,  the  Graf  Zeppelin  II,  sister  of  the 
Hindenhurg,  was  built  35  years  ago.  The  sub^quent  aerospace  prog¬ 
ress  has  never  been  applied  to  this  type  of  vehicle.  And  in  the  mean¬ 
time,  the  building  of  large  airships  has  become  almost  a  lost  art. 
In  a  sense,  we  must  tegin  again  and,  in  a  sense,  never  has  there  been 
a  greater  opportunity  for  aerospace  technology  application  and 
transfer. 

Second,  that  the  uses  I  have  been  describing  here  require  the  de¬ 
velopment,  testing,  and  proving  of  equipment  and  operating  tech¬ 
niques  which  are  achievable  but  do  not  now  exist. 

Third,  that  lacking  any  experimental  airships  to  generate  actual 
technical  data,  studies  of  lighter-than-air  capabilities,  no  matter 
how  competently  undertaken,  must  remain  theoretical  and  their  results 
subject  to  confirmation  (or  correction)  in  the  real  world  of  flight. 

Based  on  these  factors,  Mr.  Chairman,  I  would  make  this  specific 
recommendation  to  the  committee:  That  a  “proof  of  concept”  flight 
prognm,  involving  construction  and  operation  of  a  small  to  mod¬ 
erate  sized  experimental  testbed  airship,  be  authorized  for  NASA. 

I  would  propose  that  the  approach  1^  similar  to  that  of  the  Rotor 
Systems  Research  Aircraft  program  in  which,  as  I  understand  it, 
one  helicopter  fuselage  is  used  to  experiment  with  a  variety  of  ex¬ 
changeable  rotor  systems.  I  visualize  a  modular  airship  car,  which 
can  easily  be  changed  in  size  and  configuration  to  accommodate 
various  engine,  landing  g^r,  ground  handling,  and  command  and 
control  arnngements.  To  it  would  be  fitted  a  variety  of  exchange¬ 
able  airship  hulls,  of  differing  form  factor,  differing  volume,  and  of 
differing  materials^  and  construction,  including  nonrigid,  semirigid, 
and  even  rigid  design.  Here  would  be  a  vehicle  to  provide  test  data 
on  forward  control  surfaces,  stem  propulsion,  fin-mounted  power- 
plants,  even  the  possibility  of  propulsion  by  steam.  With  it  the  tech¬ 
niques  of  hovering,  buoyancy  management,  and  thrust  vector  maneu- 
vering  could  be  developed.  By  means  of  it,  new  mooring  techniques 
T?' u -j  ^**'®*^  advantages  of  hybrid  designs  investigated. 

Hybrids,  that  is  to  say,  airships  shaped  to  generate  sizable  aero¬ 
dynamic  lift  from  their  movement  through  the  air  as  well  as  aero- 


static  lift  from  their  helium,  are  a  particular  promising  design  con¬ 
cept  that  could  impact  heavily  virtually  every  lighter-than-air 
application  that  I  have  touched  upon  this  morning. 

To  begin  with,  I  would  suggest  an  exj^rimental  vehicle  with  a 
useful  lift  of  about  30  tons.  It  could  be  flyinjr  within  3  years  for  an 
approximate  cost  of  $30  million  spread  over  2  or  more  fiscal  years. 
So  important  in  my  opinion  is  the  airship  to  the  potential  solution 
of  our  current  energy  and  other  transportation  problems  that  I 
would  further  recommend,  Mr.  Chairman,  that  the  necessary  prepa¬ 
ration  and  preliminary  design  be  started  this  year. 

I  hope  that  the  members  of  this  committee  and  staff  and  mv 
friends  and  colleagues  at  NASA  who  are  here  in  this  audience  will 
not  think  me  too  presumptuous  for  informally  volunteering  my  opin¬ 
ion  concerning  NASA  programing  and  funding.  I  feel,  however, 
that  having  been  given  the  privilege  of  appearing  before  you  that  I 
would  fall  short  of  my  obligations  if  I  did  not  make  a  specific  and 
concrete  recommendation. 

This  concludes  my  testimony. 

T  have  several  illustrations  of  possible  future  airship  designs  (Fig¬ 
ures  1-4)  and  a  bibliogi'aphy  of  recent  relevant  literature  which, 
with  the  committee’s  approval.  I  would  like  to  submit  for  the  record. 
Thank  you.  Mr.  Chairman. 

Senator  Golowater.  If  you  will  submit  those. 

[The  material  referred  to  follows] 

Possible  airship  configurations  of  the  future.  Figure  I  shows  a  SO-mtlUon- 
cuble-foot  cargo-carrier,  moored  on  a  turntable  at  Its  headquarters  base  with 
an  inflatable  hangar  In  the  background.  Figure  II  is  a  nuclear  version  of  a 
passenger  ship  (the  reactor  details  have  been  exaggerated).  Figure  III  depicts 
a  natural  disaster  relief  mission  being  carried  out  without  benefit  of  airport 
or  prepared  facilities.  In  figure  IV.  two  environmental  airships  are  at  work, 
making  atmospberlc  and  marine  observations  and.  in  the  case  of  the  lower 
ship,  engaging  in  the  cleanup  of  an  oil  spill. 


FiotJKE  2.  A  nuclear  version  of  a  passenger  airship  (reactor  details  have  been 
exaggerated). 


Figube  3.  A  natural  disaster  relief  mission  being  carried  out  by  airship  with¬ 
out  benefit  of  airport  or  prepared  facilities. 
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FiatTBE  4.  Environmental  airships  at  work,  making  atmospheric  and  marine 
observations  and,  in  the  case  of  the  lower  ship,  engaging  in  the  cleanup  of  an 
oil  q^till. 

Selected  BnuomueHT  or  Airship  Books,  Reports,  and  Articles  Pcrushed 

Since  1972 

The  AlrflOflt  Project:  Proceedings  of  a  One  Day  Symposinm,  Multi-Science 
Publishing  Go.  for  Airfloat  Transport  Ltd  (The  Old  Mill,  Dorset  Place,  London 
BUI  UXT),  1972 

Stevenson,  Robert  E.  and  Terry,  Richard  D.,  “Oceanography  from  a  Blimp," 
Buoyant  FU^t,  March/April  19^ 

Morse,  Francis,  "Cargo  Airships:  a  Renaissance?”,  Handling  &  Shipping, 
June  1872 

ClemoitB,  E.  W.  and  O’Hara,  G.  J.,  “The  Navy  Rigid  Airship,”  NRL  Memo¬ 
randum  Report  2468,  Naval  Research  Laboratory,  July  1872 
Jones,  Trevor,  “Airship  Project  for  Natural  Gas  Shows  Early  Promise,”  Sea- 
trade,  August  1972  (a  British  publication) 

Morse,  O’Hara,  Pavlecka,  Stehilng  and  Vaetb,  “Dirigibles :  Aerospace  Oppor¬ 
tunities  for  the  ’TOs  and  ’SOs,”  Astrcmautlcs  and  Aenmautics,  November  1972 
Abbott,  Patrick,  Airship:  The  Story  of  R.  34  and  the  First  East- West  Cross¬ 
ing  of  the  Atlantic  by  Air,  Charles  Buhner’s  Sons,  New  York,  1973 
Brooks,  Peter  W.,  Historic  Airships,  New  York  Graphic  Society,  Greenwich. 
Couwcticnt,  1978 

Book,  Thom,  Shenandoah  Saga,  Air  Show  Publishers,  Ferry  Farms,  NAPO, 
Annapt^  1978 

Jackson,  Robert,  Airships,  Donbleday  &  Company,  Inc.,  Garden  City,  New 
York,  1973 

McPhee,  John,  The  Deltoid  Pumpkin  Seed.  Farrar,  Straus  and  Giroux,  1973 
Robinson,  Douglas  H.,  Giants  in  the  Sky ;  A  History  of  the  Rigid  Airship. 
University  of  Washington  Press,  Seattle,  1978 
Coughlin,  S.,  An  Appraisai  of  the  Rigid  Airship  in  the  UK  Freight  Market. 
Centre  for  Transport  Studies,  Cranfleld  Institute  of  Technology.  Cranfleld. 
Bedford,  England,  March  1978 
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Sonstegaard,  Miles  H.,  “Transporting  Qas  by  Airship.’’  Mechanical  Engi¬ 
neering,  Jane  1973 

Vaeth,  J.  Gordon,  “Dirigibles:  Naval  Vehicles  for  Tomorrow,”  Sea  Power, 
June  1973 

Hunt,  Levitt,  Morse,  Stehling  and  Vaeth,  “The  Many  Uses  of  the  Dirigible,” 
Astronautics  &  Aeronautics,  October  1973 

Stehling,  Kurt  B.  and  Vaeth,  J.  Gordon,  “A  CompeUtng  Case  for  the  Helium 
Horse,”  NOAA  Magazine,  October  1913.  Reprinted  with  updated  material  in 
Naval  Aviation  News,  May  1974 

Alexander,  Tom,  “A  New  Outbreak  of  Zeppelin  Fever,”  Fortune,  December 
1973 

The  Helium  Horse:  Air  Transportation  for  Tomorrow,  American  Institute 
of  Aeronautics  and  Astronautics  Recorded  Lecture  Series,  2-hour  recorded 
program  available  in  cassette  form,  1974 

Seeman,  Harris,  Brown,  and  CulUan,  “Remotely  Piloted  Mini-Blimps  for 
Urban  Applications,”  Astronautics  and  Aeronautics,  February  1974 

Vaeth,  J.  Gordon,  “The  Airship  Can  Meet  the  Energy  Challenge,”  Astro¬ 
nautics  and  Aeronautics,  February  1974 

Note:  In  addition,  see  Buoyant  Flight,  published  bimonthly  by  the  Lighter- 
than-Air  Society,  1800  Triplett  Boulevard,  Akron,  Ohio  44300,  and  Inside  the 
Control  Car,  issued  by  Roy  D.  Schickedanz,  010  Sherwood  Lake  Drive, 
Schererville,  Indiana  40375. 

Senator  Goldwater.  You  mentioned  that  the  Hindenburg  was  a  7- 
million-cubic-foot  aircraft  and  one  of  the  oil  companies  is  looking 
at  a  100  million  cubic  foot  ship.  vVhat  was  the  size  of  the  Hinden¬ 
burg?  How  long  was  it? 

Mr.  Vaeth.  The  Hindenburg  was  803  feet  long  and  135  feet  in 
diameter. 

Senator  Goldwa'ter.  What  would  be  the  dimensions  of  a  100-mil¬ 
lion-cubic-foot  aircraft? 

Mr.  Vaeth.  The  reports  I  have  seen  on  that  should  it  about  1,800 
feet  long. 

Senator  Goidwa’ter.  Is  that  design  depicted  in  one  of  your  il¬ 
lustrations? 

Mr.  Vaeth.  No,  sir.  The  pictures  you  have  are  artist  concepts  only 
and  not  based  on  any  specific  desi^s.  The  figure  you  have  in  front 
of  you  is  a  proposed  50  million  cubic  footer. 

Senator  Goldwater.  You  say  that  lacking  actual  flight  data  even 
the  best  studies  will  only  be  theoretical  and  their  results  questionable. 
IVIiat  actual  data  do  we  have  to  help  give  us  a  handle  on  airship 
economics  and  practicability? 

Mr.  Vaeth.  The  data  we  have,  which  are.  incidentally,  very  en¬ 
couraging,  are  data  from  the  German  Zeppelin  operations  of  the 
1930’s.  Between  about  1930  and  1937,  the  Germans  operated  the 
Graf  Zeppelin  in  a  regularly  scheduled  trans-Atlantic  passenger, 
cargo,  and  mail  service  between  Germany  and  Brazil.  The  service 
began  in  the  spring  and  ran  \mtil  December.  The  commercial  ar¬ 
rangements  for  it  were  made  through  the  Hamburg-American  Line. 
The  Graf  Zeppelin  during  its  9-year  flying  lifetime  made  a  total  of 
590  flights,  flew  over  a  million  miles,  crossed  the  ocean  144  times, 
and  spent  17,000  hours  in  the  air.  The  success  of  this  service  is  per¬ 
haps  best  attested  to  in  the  form  of  a  Zeppelin  hangar,  which  still 
stands  today  25  miles  south  of  Rio  and  was  constructed  by  the  Bra¬ 
zilian  Government  as  an  indication  of  the  future  which  it  felt  the 
airship  had  at  that  time. 
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The  Graf  Zeppelin  was  a  very  successful  but  inefficient  airship 
because  its  volume  and  shape  were  dictated  by  the  size  of  the  largest 
hangar  left  in  Germany  after  World  War  I  in  which  to  build  it. 

The  Hindenburg  was  an  entirely  different  situation.  Its  volume  was 
about  twice  that  of  the  Graf  Zeppelin.  The  Hindenburg  in  one  year 
of  operation,  1936,  made  10  round  trip  flights  across  the  North  At¬ 
lantic,  while  covering  75  percent  of  its  total  cost  by  revenue.  Twenty 
percent  of  its  passenger  accommodations  were  occupied  by  non-pay¬ 
ing  VIP’s  and  persons  making  the  flight  for  training.  The  Zeppelin 
Co.  projected  that  if  another  three  to  four  ships  were  added  to  the 
service,  it  could  look  forward  to  a  7  percent  return  on  its  investment. 

Unfortunately  the  Hindenburg,  as  we  all  know,  burned  at  the 
start  of  its  second  season  of  operation.  Stories  of  sabotage  notwith¬ 
standing,  the  fire  was  caused,  in  my  opinion,  by  an  electrical  dis¬ 
charge  triggered  off,  believe  it  or  not,  by  a  technological  improve¬ 
ment.  The  Hindenburg  had  a  new  and  “improved”  type  of  alumi¬ 
nized  dope  on  its  cloth  outer  cover.  It  was  found  after  the  accident 
that  this  dope  had  the  effect  of  considerably  changing  the  electrical 
properties  of  that  cover,  probably  setting  the  stage  for  the  genera¬ 
tion  of  a  spark  in  the  thunderstorm  atmosphere  at  Lakehurst  that 
May  6,  1987. 

Be  that  as  it  may,  the  Hindenburg  and  Graf  Zeppelin  provided  a 
reliable  commercial  service  and  with  modem  technology  we  can  look 
forward  to  a  resumption  of  even  better  routine  commercial  opera¬ 
tions  by  large  airships. 

Senator  Gotowater.  What  was  the  craising  speed  ? 

Mr.  Vaeth.  The  cruising  speed  of  the  Hindenburg,  Senator  Gold- 
water,  was  77  miles  per  hour.  Maximum  speed  was  about  82. 

Senator  Goldwater.  What  do  you  envision  with  the  new  ones? 

Mr.  Vaeth.  A  minimum  cruising  speed  of  100  miles  per  hour  and 
top  speeds  of  126  to  150. 

Senator  Goedwater.  You  mentioned  new  diplomatic  intiatives  with 
the  airship.  What  do  you  have  in  mind  ? 

Mr.  Vaeth.  Two  things,  sir.  One  would  be  a  cooperative  airship 
program  with  the  Soviet  Union;  the  other  a  cooperative  program 
with  the  developing  nations  of  the  Third  World.  It  is  little  remem- 
liered  today,  but  the  Soviets  have  a  long  history  of  airship  activity. 
They  flew  airships,  helium-filled  airships,  as  far  back  as  the  1980’s. 
For  a  number  of  years,  a  Soviet  dirigible,  the  V-6,  held  the  world’s 
endurance  record  for  airships  of  any  kind,  a  record  of  130  hours 
unrefueled. 

There  are  continuing  reports  in  the  Soviet  press  of  interest  in 
u.sing  airships  to  develop  the  Siberian  interior,  bringing  large  pre¬ 
assembled  heavy  equipment  in  and  bringing  natural  resources  out. 
An  article  in  a  Soviet  magazine  approximately  2  years  ago  said.  I 
do  not  know  how  correctly,  that  a  total  of  14  Soviet  agencies,  in¬ 
cluding  several  ministries,  favored  the  building  of  airships  for  this 
purpose.  There  would  thus  seem  to  be  interest  there,  and  if  we  have 
interest  here,  some  type  of  cooperative  program  might  very  well 
be  worked  out. 
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As  for  the  developing  countries  of  the  Third  World,  I  have  been 
told  that  at  this  moment  there  are  requests  from  three  different 
South  American  countries  in  the  hands  of  the  Inter-American  De¬ 
velopment  Bank  asking  that  airships  be  investigated  as  a  means  to 
solve  their  internal  transportation  problems.  I  would  hope  that  this 
interest,  not  generated  by  us  but  generated  by  those  countries  them¬ 
selves,  might  lead  also  to  some  type  of  cooperative  program.  I  would 
hope,  Mr.  Chairman,  that  the  United  States  and  not  some  other 
country  would  be  the  one  to  develop  and  utilize  airships  to  assist 
the  developing  countries  of  the  Third  World. 

Senator  Goidwater.  What  are  the  most  acute  technical  or  opera¬ 
tional  problems  you  foresee  in  bringing  back  the  dirigible? 

Mr.  Vaeth.  The  first  one  is  keeping  the  airship  off  the  ground.  If 
we  are  talking  about  a  dirigible  1,000  feet  long  and  250  feet  wide,  we 
are  also  talking  about  a  very  large  sail  when  the  ship  is  being  han¬ 
dled  on  the  ground.  I  believe  that  the  airship  should  be  kept  air¬ 
borne  as  much  as  possible  to  minimize  the  ground  handling  problem. 
Which  is  why  I  very  much  favor,  as  do  others,  the  idea  of  the  air¬ 
ship  unloading  and  loading  without  landing,  by  winching  or  by 
bringing  cargo  or  passengers  aboard  by  some  type  of  shuttle  craft. 

Commander  Jack  Hunt,  who,  for  instance,  in  the  1950a  flew  a 
Xav^’  nonrigid  for  an  unrefueled  record  of  about  260  hours,  is  of  the 
opinion  that  one  of  the  best  uses  for  airships  is  to  fly  them  round- 
robin  around  the  North  Atlantic,  coming  up  the  ea^ern  seaboard, 
going  across  to  Europe,  going  down  from  Europe  to  North  Africa 
and  back  across  and  that  that  airship,  possibly  nuclear  propelled, 
would  fly  this  route  while  its  cargo  would  be  airlifted  on  and  off 
through  the  shuttle  arrangement  I  have  mentioned.  In  summary, 
the  most  major  problem,  as  I  see  it,  is  to  minimize  the  ground 
handling. 

The  second  most  important  is  to  ensure  the  adequacy  of  trained 
personnel.  Many  of  the  accidents  to  airships  in  the  i920’s  and  1930’s 
can  be  laid  directly  to  lack  of  experience.  Tuesday  the  Committee 
heard  described  the  value  of  flight  simulators.  Flight  simulators  will 
have  an  important  role  in  training  crews  to  handle  large  airships. 
Certainly  one  is  not  going  to  build  a  50-million-cubic-foot  airship 
and  simply  say,  “there  she  is,  boys,  take  her  up.”  Much  training 
will  be  required  ahead  of  time  in  the  air  in  training  ships  and  on  the 
ground  in  simulators. 

Senator  Golowater,  One  more  question.  The  mission  model  for  the 
space  shuttle  foresees  770  flights  in  the  decade  of  the  80’s.  As  you 
know,  two  solid  rocket  motors  will  be  used  on  each  flight.  These 
rockets  are  149.1  feet  long,  146  inches  in  diameter  and  weigh  about 
179.600  pounds  empty.  They  will  be  jettisoned  into  the  Atlantic  or 
Pacific  depending  on  where  the  flight  originates.  In  other  words,  over 
1.500  solid  rocket  casings  will  have  to  be  retrieved  at  sea  for  re¬ 
furbishment  and  reuse. 

Do  you  consider  this  a  suitable  mission  for  lightcr-than-air? 

Mr.  Vaeth.  Not  only  suitable,  but  a  natural. 

First,  I  assume  that  a  prime  objective  would  be  to  get  those  boosters 
out  of  the  corrosive  sea  water  environment  as  fast  as  possible.  There- 
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fore,  the  first  step  would  be  to  deploy  booster  recovery  vehicles  that 
can  reach  the  sites  of  these  expended  boosters  as  rapidly  as  possible— 
and  airships  can  get  there  faster  than  surface  ships. 

Now,  assuming  that  we  have  a  surface  ship  and  an  airship  com¬ 
peting  to  retrieve  such  a  booster,  if  the  sea  state  is  high  or  if  a  heavy 
sea  is  running,  there  may  be  a  considerable  problem  on  the  part  of 
the  surface  craft  in  lifting  out  the  booster,  which  according  to  the 
dimensions,  and  which  you  just  mentioned,  sir,  are  certainly  formida¬ 
ble.  The  surface  ship  will  probably  have  difficulty  bringing  it  on 
board  without  smashing  the  rocket  casing  against  the  side  of  the 
rolling  and  pitching  vessel.  There  is  a  definite  advantage  to  the  air¬ 
ship  in  this  case  b^ause  the  airship  can  lift  vertically  and,  once  it 
removes  the  expended  booster  from  the  water,  it  is  able  to  hoist  it 
directly  up  to  the  ship  itself.  It  need  not,  incidently,  take  it  inside. 
It  can  simply  suspend  it  beneath  the  hull  which  is  relatively  un¬ 
obstructed. 

So  I  think,  sir,  this  would  be  a  very  logical  and  very  cost  effective 
application  for  the  very  large  airship. 

Senator  Goldwater.  Thank  you  very  much,  Mr.  Vaeth,  for  your 
presentation  and  your  answers. 

Thank  you  very  much. 

Mr.  Vaeth.  Thank  you. 

Senator  Goii)WATER.  We  will  now  hear  from  Prof.  Joseph  Vittek. 
Assistant  Professor,  Department  of  Aeronautics  and  Astronautics. 
MIT.  Go  right  ahead  and  start. 

[The  bibilography  of  Professor  Vittek  follows :] 

Bioobapht  or  Joseph  F.  Vittek,  Jb.,  Assistakt  Pbofessob  or  AEBOHAmicB 
Aim  AsTRONAxmcs,  Massacbttbettb  Thstitute  or  Technoloot 

A  member  of  the  Massachusetts  Bar  and  of  the  faculty  in  the  M.I.T.  Depart¬ 
ment  of  Aeronautics  and  Astronautics,  Mr.  Vittek  offers  courses  in  the  legal, 
regulatory  and  public  policy  aspects  of  transportation.  He  received  his 
Jurisprudence  Doctorate  from  Suffolk  University  Law  School,  graduating  at 
the  top  of  his  class.  Mr.  Vittek  also  received  an  LL.M.  from  the  Harvard  Law 
School  where  he  specialized  in  governmental  administrative  and  regulatory 
processes.  His  undergraduate  degree  is  a  B.S.  in  Mathematics  from  M.I.T. 

Mr.  Vittek  is  also  Associate  Director  of  the  M.I.T.  Flight  Transportation 
Laboratory  and  is  involved  in  studies  of  various  aspects  of  the  air  trans¬ 
portation  industry  (transportation  economics,  demand  modeling,  noise  predic¬ 
tion  and  reduction,  air  traffic  control,  transportation  data  management  sys¬ 
tems,  etc.).  These  studies  are  funded  by  such  government  agencies  as  NASA, 
DOT,  FAA  and  the  U.S.  Army. 

In  addition,  Mr.  Vittek  has  held  the  following  technical  positions:  1969-TO 
Director  of  Software,  M.I.T.  Draper  Laboratory’s  Deep  Submergence  Project ; 
1966-89,  Project  Manager  for  Software,  8rst  manned  Apollo  Mission;  19^U6. 
Flight  Test  Engineer,  Honeywell  Aerospace;  and  1962-63,  Systems  Analyst 
for  M.I.T.  Draper  Laboratory. 

Professional  memberships  include  the  Chairmanship  of  the  American  Insti¬ 
tute  of  Aeronautics  and  Astronautics’  Lighter  Than  Air  Subcommittee.  Mr. 
Vittek  also  serves  on  the  Associate  and  Advisory  Committee  of  the  American 
Bar  Association’s  Standing  Committee  on  Aeronautical  Law  and  served  on 
the  Transportation  Planning  Council  for  the  City  of  Newton.  Massachusetts. 
He  is  also  admitted  to  the  Federal  Bar  for  the  District  of  Massachusetts. 

He  has  written  several  recent  articles  and  reports  on  Lighter  Than  Air 
vehicles,  air  service  to  small  communities,  aircraft  requirements  for  low 
density  markets  and  airport  noise  abatement  and  control. 
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STATEXERT  OF  JOSEPH  F.  VITTEK,  JE.,  ASSISTAHT  PSOFESSOB, 
DEPABTXENT  OF  AEBOHAUTICS  AHD  ASTBOHATTTICS,  HIT 

Professor  Vittek.  Thank  you.  I  have  submitted  prepared  testimony 
for  the  record  which  I  will  leave  stand  as  it  is.  I  would  prefer  this 
morning  to  make  my  presentation  based  on  some  informal  remarks 
and  the  use  of  some  vugraphs  that  the  Army  has  been  ivice  enough 
to  assist  me  in  showing. 

I  think  from  Mr.  Vaeth’s  talk  we  can  tell  that  lighter-than-air 
certainly  has  a  great  deal  of  potential  and  that  it  also  has  its  prob¬ 
lems.  There  is  very  little  doubt  that  modern  technology  can  solve 
many  of  these  problems.  The  issue  in  my  mind  becomes  whether  or 
not  the  cost  of  that  technology  can  be  recovered  to  such  an  extent 
that  it  would  make  the  lighter-than-air  concept  economically  sensible. 

For  any  new  mode  of  transportation  to  succeed,  it  has  to  be  better 
in  some  way  than  the  transportation  modes  it  is  supplanting.  Clearly 
the  airship,  because  of  its  large  payload,  is  better  than  a  truck.  It  is 
better  than  rail  or  barge  to  the  extent  that  it  does  not  have  to  follow 
a  particular  route.  It  is  better  than  an  ocean-going  vehicle  because  it 
can  travel  faster.  It  can  come  inland  directly  without  stopping  at  a 
port.  And  it  can  potentially  carry  more  in  a  payload  sense  than  a 
large  airplane  while  not  requiring  as  large  airport  facilities.  So,  at 
least  in  theory,  there  are  advantages  over  other  modes.  These  ad¬ 
vantages  lead  to  a  number  of  potential  applications  and,  as  Mr. 
Vaeth  has  covered  many  of  them.  I  will  not  go  into  them  in  detail. 


figure  1 
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I  will  instead  to  on  to  some  of  the  problems  associated  with  the 
airship.  Most  of  tnese  problems  are  related  to  the  size  of  the  airship. 

Fi^re  1  indicates  the  relatvie  size  of  a  500-ton  airship,  which  is 
certainly  within  the  range  of  those  discussed  today;  a  super  tanker; 
the  Hindenburg;  a  footb^all  field  and  a  747.  As  you  can  see,  the  air¬ 
ship  is  very  large  and  its  size  does  create  ground  handling  problems 
and  certain  airborne  problems  that  will  be  mentioned  shortly. 

Now,  although  the  lighter-than-air  ship  can  hover,  discharge  its 
traffic,  et  cetera,  as  Mr.  Vaeth  discussed,  it  also  needs  a  ground  base 
at  some  point.  Because  of  the  necessity  for  anchoring  it  against  the 
wind  and  for  providing  flexibility  for  wind  direction,  this  can  con¬ 
sume  a  fair  amount  of  land. 


Figure  2  shows  the  ground  requirements  for  six  1,000-foot  dirigi¬ 
bles  imposed  on  Logan  Airport  in  Boston.  As  you  can  see,  the 
ground  requirement  can  be  extensive.  I  have  used  an  existing  airport 
for  comparison.  However,  because  the  primary  mission  may  be 
freight,  it  can  also  be  handled  outside  the  city  in  less  expensive 
ground  areas.  Nonetheless,  we  can  not  ignore  that  there  is  a  signifi¬ 
cant  ground  requirement  for  the  airship. 

A  major  problem  in  the  past  has  been  ground  handling  of  the  air¬ 
ship.  Figures  3,  4,  and  5  show  the  large  crew  requirements  that  were 
necessary  in  the  old  dirigibles.  They  were  pushed  out  by  hand,  held 
by  hand.  Three  or  four  hundred  people  were  necessary  to  keep  them 
on  the  ground,  as  Mr.  Vaeth  pointed  out. 
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As  Figure  6  shows,  even  today  the  200-foot  Goodyear  blimp, 
which  is  fairly  small,  requires  a  ground  crew  of  about  10  people  to 
bring  it  down.  Also,  the  Goodyear  blimp  is  so  dependent  on  its 
ground  handling  crew  that  it  is  often  required  to  linger  in  the  air 
waiting  for  the  crew  to  catch  up  with  it,  erect  its  mast  and  bring  it 
down. 

Another  problem  is  ballasting.  An  airship  picks  up  cargo  and 
discharges  ballast — or  discharges  cargo  and  picks  up  ballast.  In 
either  case,  it  always  transfer  one  for  the  other.  Its  ballasting  prob¬ 
lem  could  be  severe  if  it  were  in  an  isolated  area  where  it  wanted 
to  discharge  cargo. 

Another  problem  area  is  susceptibility  to  damage  in  ground  han¬ 
dling.  Figure  7  is  a  picture  of  the  Shenandoah  which  tore  off  its 


FIGURE  7 


NA  &  SM/SI 


mast  in  Lakehurst.  I  believe  it  took  several  months  to  repair  the 
damage. 

Figure  8  shows  the  very  recent  accident  to  the  Goodyear  blimp  as 
it  was  being  pulled  out  of  its  hangar  at  Houston  last  year.  It  bumped 
up  against  the  hangar  door  and  was  laid  up  for  4  to  6  weeks  for 
repairs. 

Another  problem  area  is  helium.  Certainly  by  using  helium  we 
avoid  hydrogen’s  explosiveness.  However,  helium  is  not  an  element 
that  we  can  create.  It  is  found  in  our  natural  gas  wells  in  this  coun¬ 
try  and  we  have  the  best  supply  in  the  world,  but  a  large  scale 
program  will  require  a  lot  of  helium  and  I  don’t  know,  although  I 
am  sure  some  of  our  people  from  the  Department  of  Interior  do,  just 
how  large  our  helium  supply  is.  Since  helium  has  replaced  hydrogen, 
a  major  fear  is  no  longer  fire  but  breakup  in  violent  weather.  This 
was  clearly  the  fate  of  our  large  dirigibles  in  the  30's.  It  is  very  diffi¬ 
cult  to  say  what  the  situation  would  be  today  although  we  do  know 
more.  We  have  modem  weather  forecasting  techniques  and  modem 
technology  that  can  certainly  alleviate  this  problem. 

An  additional  problem  is  that  of  pressure  altitude.  The  airship  can 
have  a  very  long  range — as  the  curve  on  the  right  in  figure  9  shows — 
if  it  does  not  fly  very  high.  But  as  the  airship  flies  higher,  the 
gas  itself  expands  and  has  to  be  released  or  less  of  it  used  so  the 
airship  can  gain  more  altitude.  This  offsets  the  payload,  including 
fuel.  The  higher  the  ship  flies,  the  less  distance  it  can  travel.  As  a 
compromise  between  cargo  and  altitude,  large  airships  operate  some¬ 
where  in  the  range  of  2,000  feet.  I  think  one  can  imagine  the  prob¬ 
lems  facing  an  airship  commander  today,  operating  something  1,400 
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feet  long,  at  2,000  feet  altitude,  cruising  through  our  airways.  This 
is  something  that  has  to  be  considered. 

There  are  technological  solutions  to  many  of  these  things.  Perhaps 
the  air  handling  and  ground  handling  problems  both  can  be  solved 
through  applications  of  modern  inertial  sensors.  I  have  shown  in 
figure  10  that,  if  an  airship  is  designed  with  appropriate  sensor 
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packages,  rotational  forces,  stresses  and  strains  could  be  detected 
very  quickly  and  fed  back  to  control  surfaces  and  engines  and 
counter-acting  forces  could  be  applied.  We  know  how  to  do  this  from 
the  Apollo  program.  It  is  a  direct  application  of  the  same  types  of 
things. 

Also,  television  can  be  mounted  in  the  front,  back,  or  wherever  it 
is  needed  by  the  crew  so  they  can  perhaps  avoid  some  of  these  ground 
handling  problems,  have  better  visibility,  et  cetera. 

Weather  foreca^ing  is  certainly  improved.  We  have  computer 
design  methods  (also  developed  for  the  space  program)  for  stronger 
structures  and  lighter  weights  at  the  same  time  using  modern  mate¬ 
rials.  The  same  type  of  thing  can  be  applied  to  airships. 

So,  in  short,  I  think  the  technology  is  available  to  conquer  many  of 
of  these  problems.  However,  the  issue,  as  I  said  at  the  beginning,  is 
whether  or  not  the  cost  of  that  technologv*,  when  incorporated  into 
the  airship,  allows  us  an  economically  viable  vehicle. 

Now,  a  lot  of  special  applications  can  only  be  performed  by  an 
airship.  However,  to  be  a  commercial  success,  airships  must  capture 
a  certain  amount  from  existing  transportation  markets.  I  am  going 
to  stress  the  commercial  side ;  Mr.  Vaeth  pointed  out  the  importance 
of  the  military.  Military  missions  can  be  evaluated  in  a  very  similar 
way :  See  if  the  mission  is  being  provided  now ;  how  it  is  being  pro¬ 
vided — how  a  helicopter  or  ocean  craft  is  being  used;  the  relative 
cost  of  that  versus  an  airship;  and.  to  the  extent  that  the  jobs  are 
comparable,  is  it  worth  the  investment  to  have  an  airship  just  to  do 
that  particular  task? 
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We  can  look  at  that  both  commercially  and  militarily  in  the  same 
way.  Figure  11  represents  a  range  of  cargo  costs  and  speeds.  The  air¬ 
plane  runs  from  about  200  miles  per  hour  to  over  500  and  the  cost 
per  ton  mile  is  somewhere  between  10  and  20  cents.  Truck,  rail,  and 
water  on  the  left  side  are  slower  but  less  expensive. 

There  is  a  natural  gap  that  the  airship  can  fill,  but  we  do  not  know 
exactly  where  it  is  going  to  lie  in  terms  of  cost.  There  is  no  data  at 
this  time.  If  it  is  in  the  top  of  that  range — for  example,  100  to  200 
miles  per  hour,  15  to  20  cents  per  ton  mile — it  is  very  possible  it 
would  not  capture  any  traffic  from  other  modes  of  transportation 
because  the  airplane  is  faster  at  the  same  cost  and  the  truck,  al¬ 
though  slower,  is  less  expensive,  so  there  will  be  very  little  transfer. 
However,  if  it  comes  in  at  the  bottom  of  that  range — ^say,  less  than  1 
penny  a  ton  mile — then  there  is  good  potential  for  significant  traffic 
being  diverted,  particularly  from  truck,  rail  and  water  transporta¬ 
tion  because  of  the  greater  speed. 

The  analysis  that  has  been  performed  to  date  on  airship  and  air¬ 
ship  economics  is  really  a  function  of  the  productivity  of  the  airship. 
Tliis  is  based  on  a  number  of  assumptions. 

"When  we  look  at  the  transportation  modes,  we  do  an  analysis  using 
the  equations  in  figure  12.  If  you  take  the  payload  times  the  speed, 


MAXIMUM  PAYLOAD  X  SPEED  =  HOURLY  PRODUCTIVITY  (H.P.) 

H  P.  X  YEARLY  UTILIZATION  =  AVAILABLE  TON-MILES  PER  YEAR  (ATM) 
ATM  X  LOAD  FACTOR  =  REVENUE  TON  MILES  PER  YEAR  (RTM) 
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that  gives  you  the  potential  productivity  of  the  aircraft.  This  hourly 
productivity  times  the  hours  used  per  year  lets  you  know  the  avail¬ 
able  ton-miles  per  year.  In  other  words,  how  much  cargo  could  an 
airship  carry.  If  you  multiply  this  by  the  presumed  load  factor,  you 
end  up  with  the  revenue  ton  miles  per  year — the  ton  miles  of  traffic 
that  are  sold.  If  you  then  divide  the  annual  operating  cost  by  these 
revenue  ton  miles,  you  get  the  cost  per  ton  mile.  Typically,  for  the 
jet  airplane,  100  ton  payload  at  500  miles  per  hour  gives  you  about 
50.000  ton  miles  per  hour.  Over  a  3,000  hour  per  year  utilization, 
with  50  percent  load  factor,  w'e  end  up  with  about  75  million  reve¬ 
nue  ton  miles  per  year.  The  cost  of  operating  a  jumbo  jet  in  this 
size  range  is  a^ut  $9  million  yielding  a  cost  per  ton  mile  of  about 
12  cents.  Within  the  range  of  values  shown  in  figure  11. 
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The  lighter-than-aircraft  can  compete  by  carrying  heavier  loads  or 
increasing  its  speed.  Clearly  it  can  carry  large  loads  if  we  can  build 
it  large  enough.  However,  as  figure  13  shows,  there  is  an  enormous 
energj’  penalty  in  increasing  the  speed  of  an  airship.  I  do  not  have 
exact  numbers  but  studies  in  general  indicate  this  type  of  trend: 
The  optimum  fuel  economy  is  somewhere  between  50  and  100  miles 
per  hour  and  the  energ\’  consumed  goes  up  rapidly  as  you  approach 
150  to  200  miles  per  hour.  So  we  can  make  airships  go  faster  but  it 
does  detract  from  their  fuel  economy,  which  is  one  of  their  big  assets. 
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Based  on  the  assumptions  that  one  uses  for  speed,  utilization,  et 
cetera,  the  range  of  an  airship’s  cost  can  go  from  less  than  1  penny 
to  over  20  cents  per  ton  mile.  One  of  the  big  unknowns  in  this  is  the 
development  cost.  Typically,  the  development  cost  of  any  new  air¬ 
craft  is  a  straight  line  function  that  is  proportional  to  the  size  of 
the  aircraft.  In  the  aircraft  industry,  we  use  gross  weights.  Figure  14 
shows  cost  in  terms  of  gas  capacity,  so  the  basic  development  cost, 
design,  tooling,  all  the  things  that  are  necessarj-  before  construction 
starts,  go  up  directly  proportionate  to  this. 

That  cost  is  divided  by  the  number  of  units  produced  to  get  de¬ 
velopment  cost  per  unit  and,  as  figure  15  shows,  after  you  get  past 
100  or  200  units  the  development  cost  per  unit  becomes  very  small. 
However,  if  the  market  will  support  only  10  or  20  units,  the  cost 
per  unit  is  very  expensive. 

The  production  costs  are  also  somewhat  like  those  of  an  airplane. 
As  figure  16  shows,  the  more  units  built,  the  cheaper  production 
becomes  per  unit  because  of  increased  production  efficiency. 

Finally,  all  these  costs  can  be  combined  to  estimate  the  ov'erall 
cost  of  an  airship  as  in  figure  17.  Again,  these  numbers  do  not  start 
flattening  out  until  you  produce  about  100  units  or  more. 

Figures  18  and  19  show  some  examples  of  the  sensitivity  tt  as¬ 
sumptions  that  can  be  made. 

The  wide  body  jet  on  the  first  line  has  100  ton  payload,  500  miles 
per  hour,  3,000  hours  per  year  utilization.  These  are  good  averages 
for  our  present  system.  The  next  several  lines  show  the  fluctuations 
in  available  ton  miles  per  year  as  different  assumptions  are  made  for 
the  airship’s  payload,  speed  and  utilization.  Finally,  the  ocean  tanker 
by  comparison  has  a  much  larger  payload,  much  slower  speed,  very 
high  utilization  and  comes  out  with  very  high  available  ton  miles. 

The  second  figure  shows  what  happens  as  assumed  load  factors 
change.  The  assumed  load  factor  and  the  assumed  costs  can  be  used 
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to  compute  the  cost  per  ton  mile.  As  the  load  factor  increases,  the 
cost  obviously  goes  down.  This  shows  that,  under  a  variety  of  as¬ 
sumptions,  the  cost  per  ton  mile  for  an  airship  could  be  anywhere 
from  18  to  1  cent  per  ton  mile. 

There  are  some  additional  issues  that  we  have  to  consider,  al¬ 
though  they  are  perhaps  longer  term.  I  mentioned  briefly  that  there 
are  institutional  constraints.  How  would  we  fund  the  development 
of  an  airship?  Secor  Browne,  while  Chairman  of  the  CAB,  said 
manufacturers  would  not  develop  any  airplanes  in  this  country  with¬ 
out  some  sort  of  Government  support.  And,  since  the  development 
of  an  airship  is  an  even  greater  unknown,  I  can’t  see  manufacturers 
being  willing  to  take  the  risk  on  their  own. 

How  about  certification  ?  During  the  Graf  Zeppelin’s  around-the- 
world  flight,  it  would  fly  up  to  a  mountain,  below  the  height  of  that 
mountain  and  assume  the  updrafts  were  going  to  carry  it  over.  I 
cannot  see  an  FAA  check  pilot  flying  up  to  a  mountain  on  the  faith 
that  there  will  be  a  wind  current  there  that  will  carry  people  over 
the  top.  As  for  traffic  control,  I  understand  the  Goodyear  blimp  is 
often  mistaken  for  a  stationary  object. 

Finally,  regulation.  Would  airships  come  under  the  Civil  Aero¬ 
nautics  Board  or  the  Maritime  Commission?  Just  who  would  regulate 
them?  Would  they  be  regulated  at  all?  Who  would  operate  them? 

I  have  raised  a  lot  of  unknowns  and  some  steps  have  been  taken 
to  answer  them.  Under  the  joint  sponsorship  of  NASA,  the  Navy 
and  the  Department  of  Transportation,  MIT  is  hosting  a  Lighter 
Than  Air  Workshop  this  September  to  address  some  of  these  issues. 
Many  of  you  may  have  heard  about  it.  The  response  has  been  out¬ 
standing.  At  this  time,  approximately  two  months  before  the  Work¬ 
shop,  we  have  over  80  people  who  are  definitely  committed  to  attend. 
T  have  more  than  50  abstracts  submitted  from  Germany,  France,  and 
the  United  Kingdom,  as  well  as  the  United  States.  People  from  de¬ 
veloping  nations  are  attending.  The  response  and  interest  in  this  pro¬ 
gram  have  been  overwhelming. 

The  program  is  structured  to  separate  facts  from  unknowns  and 
not  necessarily  to  answer  questions  but  to  direct  how  to  find  those 
answers.  There  will  be  3  days  of  papers  presented  discussing  various 
topics:  operations,  economics,  construction,  et  cetera.  On  the  last  2 
days  these  same  people  will  form  smaller  working  groups  who  will 
discuss  the  papers  and  try  to  design  programs  to  answer  the  un¬ 
knowns. 

As  I  said,  the  goal  is  to  identify  programs,  not  to  recommend  that 
any  one  specific  program  be  followed.  This  Workshop  is  a  fact-find¬ 
ing  group,  a  neutral  group. 

After  these  programs  have  been  identified — what  could  be  done, 
what  the  various  costs  could  be — then  I  feel  it  is  up  to  the  political 
f)rocess  to  submit  these  findings  to  a  group  such  as  yours  or  others 
to  see  if  in  fact  the  research  is  worthwhile.  I  am  sure  the  AIAA 
would  take  an  active  role  in  this. 

So  we  have  identified  a  number  of  questions  and  we  are  going  to 
mvestigate  ways  to  find  answers.  But  those  answers  will  not  be  evi¬ 
dent  until  appropriate  research  programs  have  been  completed. 


I  thank  you  very  much,  Senator,  for  allowing  me  to  appear  this 
morning. 

Senator  Goldwateb.  Thank  you  very  much.  Professor  Vittek. 

I  have  a  few  questions.  First,  what  kind  of  money  are  you  talking 
about  to  develop  the  first  dirigible,  the  first  airship  t 

Professor  Vittek.  The  estimates  that  I  have  seen  are  anywhere 
between  $5  million  and  $500  million.  I  am  afraid  we  do  not  have  a 
ve^  good  handle  on  that  problem  right  now. 

Senator  Goldwater.  I  guess  that  would  be  hard  to  come  up  with. 

Professor  Vittek.  As  I  said,  it  is  the  sensitivity  to  assumptions. 
It  all  has  to  do  with  the  size,  the  capacity,  the  sp^d.  So  the  esti¬ 
mates  and  the  assumptions  used  are  very  closely  tied  together  but 
there  is  a  vast  range  right  now. 

Senator  Goldwater.  The  construction  would  be  quite  different,  I 
imagine,  from  the  airships  of  the  1930’s.  If  I  remember  correctly, 
they  used  semirigid,  girder  construction  ? 

Professor  Vittek.  Yes,  but  there  are  modern  techniques  that  can 
be  applied — at  least  people  are  proposing  them — such  as  the  mono- 
coque — a  solid  outside  covering — advanced  fabrics,  advanced  struc¬ 
tural  materials.  The  Southern  California  Aerospace  Council  has 
done  a  study  in  this  area  and  has  indicated  that  present  aeronautical 
techniques  could  be  applied  to  airship  construction. 

Senator  Goldwater.  Do  you  think  we  have  made  enough  advance¬ 
ment  on  construction  techniques  to  overcome  the  problem  of  turbu¬ 
lence  that  you  are  going  to  encounter  at  your  optimum  altitudes? 

Professor  Vittek.  There  is  a  tradeoff  between  construction  to  meet 
the  optimal  impact  of  weather  and  our  modern  techniques  of  avoid¬ 
ing  weather  and  I  think  that  compromise  can  be  made.  I  am  not 
sure  that  we  could  ever  build  a  large  airship  that  could  sail  into  the 
center  of  a  thunderstorm  and  come  out  in  one  piece.  I  am  not  sure 
that  we  couldn’t  either.  But  practicality  would  dictate  a  combina¬ 
tion  of  avoidance  plus  advanced  structural  technique.  We  have  the 
same  problem  with  airplanes. 

Senator  GkiuiWATER.  In  your  prepared  statement  you  say,  and  I 
quote,  “Will  the  airship  be  closer  to  the  airplane  or  the  tanker  cost 
structure?” 

I  think  that  is  an  interesting  question.  Do  you  have  any  tentative 
conclusions  on  that? 

Professor  Vittek.  Well,  as  I  said,  our  forthcoming  workshop  is 
neutral  and,  as  its  director,  I  am  precluded  from  making  conclu¬ 
sions  at  this  time. 

However,  the  reason  I  raised  that  question  is  that  the  ocean  tanker 
travels  slower  than  an  airpline.  It  needs  a  crew  while  it  is  in  port. 
It  is  large.  It  has  many  of  the  characteristics  of  an  airship.  For 
example,  at  least  in  the  beginning  stages  the  airship  will  probably 
have  to  have  a  crew  on  board  at  all  times.  It  will  need  several  crews 
l)ecause  we  are  talking  20-  or  30-hour  flights  and  it  will  have  to  carry 
backup  crews.  To  that  extent,  it  looks  somewhat  like  an  ocean  liner. 
However,  it  does  fly  in  the  air. 

The  answer  to  the  question  I  raised  may  be  which  union  gets 
control. 


Senator  Ck>u>WATEB.  Do  you  believe  the  United  States  should  build 
a  dirigible  in  the  near  future  to  be  used  as  a  test  vehicle? 

Professor  Vittek.  I  cannot  answer  that  question  without  prejudic¬ 
ing  my  role  in  leading  our  workshop. 

^nator  Goldwater.  Well,  I  would  like  to  see  them  do  it.  I  will 
answer  it  fo^ou. 

Professor  V  rrm.  I  am  sorry.  I  don’t  mean  to  be  evasive  in  these 
things  but  if  I  am  going  to  maintain  an  academic  neutrality  and  tr>’ 
to  put  forward  the  facts,  I  can’t  make  statements  like  that  at  this 
time. 

Senator  Gh)U)WATER.  We  politicians  don’t  have  to  be  academic. 

I  think  you  heard  the  question  I  asked  the  preceding  witness  rela¬ 
tive  to  picking  up  the  rocket  casings  from  the  ocean.  Would  you  like 
to  comment  on  that  ? 

Professor  VirrEK.  That  certainly  would  be  a  very  logical  applica¬ 
tion  of  the  airship.  Again,  does  that  application  in  itself  justify  the 
development  cost?  Or  are  there  enough  sp«cial  applications?  I 
don’t  know  how  many  airships  would  be  required  to  pick  up  rocket 
casings  but  I  would  assume  a  fairly  small  number. 

Senator  GomwATER.  Do  you  have  any  views  as  to  the  role  that 
lighter-than-air  can  play  in  antisubmarine  warfare? 

Professor  VrmK.  It  is  certainly  an  application  that  is  there.  I 
gave  an  economic  analysis  relative  to  the  transportation  system.  As 
I  mentioned,  the  military  analysis  would  follow  the  same  lines. 
What  can  an  airship  do?  What  is  currently  being  done  by  airplanes 
or  ships?  Do  the  economics  justify  developing  the  airship  for  those 
roles? 

^  Senator  Goldwater.  Thank  you  very  much.  Professor  Vittek.  We 
did  have  a  question  frmn  the  chairman  but  you  answered  it. 

Professor  Vittek.  Fine.  Thank  you. 

Senator  GkiLowATER.  Relative  to  the  acceptance  of  the  meeting  in 
September  at  Monterey - 

Professor  Vittek.  There  has  been  very  high  interest.  Just  yester¬ 
day  I  received  my  first  reply  from  the  Soviet  Union.  We  invited 
some  people  from  there,  "^is  person  responded  that  he  could  not 
come  but  is  going  to  submit  a  paper  for  our  consideration. 

Senator  Goldwater.  Thank  you  very  much. 

[The  prepared  statement  of  Professor  Vittek  follows :] 

PKEPABED  STATEUEIfT  OF  JOSEPH  F.  VlTTEK,  Jn.,  ASSISTAITT  PBOFEBBOB,  AEBO- 
HAuncs  Airo  Asteorautics,  Associate  Dikectos,  Flight  Tearsportation 
Laboratort,  Massachusetts  Irstitute  of  Techroloot:  Chairuar, 
Liohter-Thar-Air  Subcommittee,  Amebicar  Irstitute  of  Aeborauttcb 
ARD  ASTRORAUTICS 

The  potertial  ard  peoblems  of  liohteb-thar-aib  trarsportatior 

Mr.’  Chairman  and  members  of  the  Committee,  as  neither  an  advocate  nor 
an  enemy  of  lighter-than-air  transportation,  I  am  interested  in  separating 
fact  from  speculation.  In  the  past  few  years  there  has  been  much  disens^on 
both  here  and  abroad  of  the  ability  of  lighter-than-air  vehicles  to  meet  future 
transportation  needs.  Many  of  the  proposed  uses  and  missions  seem  promising. 
However,  lighter-than-air  is  not  without  its  problems.  Although  modern  tech¬ 
nology  nmy  be  able  to  overcome  these  problems,  the  ultimate  issue  is  the 
economic  feasibility  of  lighter-than-air  when  the  costs  of  modern  technology 
are  included  in  the  price  of  the  service  and  the  demand  for  the  service  at 
that  price  is  determined. 


THE  POTERTlAl,  Ot  LTA 

Tbe  airship  has  certain  adrantates  orer  alternate  modes  of  transportation. 
Like  a  ship  or  barge,  it  can  more  large  bnlk  and  weight  shipments  over  long 
distances.  Unlike  a  ship  or  a  barge,  it  need  not  follow  established  s^terways. 
Nor  does  it  require  terminal  facilities.  Tbe  airship  offers  these  same  adran- 
tages  over  raUroads  and  has  considerably  greater  capacity  than  trucks. 
ENmi  though  a  hl^-cargo<apactty  airi^ane  could  be  developed,  it  would 
require  large  runways  at  both  enos  of  its  trip.  Thus,  the  airplane  lacks  the 
airship’s  flexibility. 

Because  of  the  Inherent  advantages,  several  LTA  missions  can  be  identifled. 
One  often  mentioned  is  the  use  of  LTA  to  improve  trade  of  developing  na¬ 
tions  allowing  the  movement  of  bulk  commodities  and  crops  out  of  otherwise 
inaccessible  areas.  Another  mission  is  the  transportation  of  bulky  machinery 
such  as  nuclear  power  generation  equiianent  too  large  to  move  over  normal 
highways  or  rail  right-of-ways.  Its  large  capacity,  coupled  with  the  ability  to 
hover,  makes  LTA  a  candidate  for  construction  tasks — the  proveibial  "sky 
hook."  These  same  characteristics  could  be  used  for  disaster  relief  when 
n<Hrmal  transport  facilities  are  damaged. 

Other  uses  such  as  spraying  crc^is,  geological  survey,  archeological  expedi¬ 
tions,  military  reconnaissance  and  anti-submarine  missions  are  also  discussed. 

For  passenger  travel,  the  airship  could  revive  an  era  of  elegance  no  longer 
available.  Although  some  feel  the  airship  might  compete  for  city-center  to 
city-center  short  haul  traffic,  its  true  role  would  probably  be  tbe  cruise  liner 
of  the  air. 

AU  these  uses,  coupled  with  the  airship’s  potential  for  low  pollution,  low 
noise  and  energy  efficient  flight,  have  rekindled  public  interest  and  imagina¬ 
tion  in  these  "ships  of  the  sky.” 

LTA  PBOBLEM  ABEAS 

The  promise  of  LTA  is  not  without  its  problems.  Most  are  directly  related 
to  the  large  siae  of  a  lighter-tban-air  craft. 

Oround  Operations 

Although  LTA  vehicles  may  hover  while  transferring  cargo,  etc.,  they  still 
have  a  requirement  for  home  bases  for  maintenance,  repairs  and  refniblshlng. 
Tbe  least  this  will  require  is  an  open  area  and  a  mooring  mast  or  other 
tethering  device.  For  some  of  the  larger  airships  proposed,  the  clear  area 
needed  for  maneuvering,  particularly  in  response  to  wind  shifts,  could  be 
quite  extensive.  To  handle  more  than  one  airship  at  a  time,  tbe  land  area 
needed  approaches  that  of  a  large  scale  airport.  The  cost  of  these  facilities 
could  also  be  high  if  large  airship  sheds  or  docks  are  required. 

Oround  handling  techniques  present  a  second  problem.  Although  by  the 
mld-lOeO's  tbe  hundreds  of  ground  handlers  required  in  earlier  days  had  been 
reduced  through  mobile  masts  and  winches,  numerous  ground  personnel  were 
still  needed. 

Even  today,  about  10  ground  handlers  are  needed  to  land  a  Goodyear  blimp, 
a  rdatively  small  llgbter-than-air  craft  In  fact  it  is  so  dependent  on  its 
ground  handlers  that  it  must  often  circle  a  destination  waiting  for  its  ground 
crew,  who  travel  by  highway,  to  catch  up  and  erect  the  mooring  mast. 

An  additional  operational  problem  occurs  when  payload  is  taken  on  board 
or  discharged.  Under  normal  operating  conditions,  an  airship  has  approxi¬ 
mately  neutral  buoyancy.  That  is,  it  will  neither  rise  nor  descend  unless 
additional  forces  are  applied.  The  upward  lift  is  balanced  by  the  downward 
pull  of  gravity. 

When  tbe  airship  is  loaded  or  unloaded,  its  weight  changes,  destroying  the 
equilibrium  condition.  Normally,  ballast  is  also  loaded  or  unloaded  to  retain 
the  neutral  state  (although  reducing  the  amount  of  lifting  gas  would  have 
the  same  effect).  *11118  means  that  if  the  airship  is  delivering  or  picking  up 
cargo  at  some  undeveloped  site,  there  must  also  be  provisions  for  ballast  and 
transferring  that  ballast  Alternatively,  some  on-board  system  Is  needed  to 
change  tbe  gas  volume.  But  such  a  system  may  be  too  heavy  to  Justify. 

Air  Operations 

The  replacement  ot  hydrogen  with  non-flammable  helium  ns  the  lifting  gas 
has  shifted  the  major  danger  of  an  airship  catastrophe  from  Are  to  structural 
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failure  in  violent  weather.  This  was  clearly  the  fate  of  the  Shenandoah  and 
the  Macon,  and  perhaps  the  Akron. 

Undoubtedly,  better  structures  can  be  designed  today  than  40  years  ago. 
And  modem  materials  can  provide  Increased  strength  with  decreased  weight. 
But  as  Qie  siae  of  proposed  airships  Increases  so  do  the  bending  and  twisting 
forces  that  may  arise  during  operations.  Although  theoretically  the  lift 
capacity  of  an  airship  grows  as  the  cube  of  its  size  while  weight  increases 
only  as  the  square,  it  is  not  clear  whether  the  structures  required  to  meet  the 
dynamic  forces  encountered  by  large  airships  will  still  follow  the  theoretical 
laws  or  instead  impose  weight  penalties  due  to  safety  considerations  that 
will  decrease  payloads. 

Another  pr(d>lem  associated  with  the  structure  of  an  airship  is  its  maintain¬ 
ability.  There  are  many  examples  in  airship  history  of  minor  ground  han¬ 
dling  errors  damaging  the  skin  or  interior  bracing  leading  to  substantial 
down-time  for  repairs.  Such  questions  of  damage  susceptibility,  structural 
integrity  and  maintainability  raise  doubts  as  to  the  reliability  of  airships  and 
their  ability  to  reach  the  degree  of  utilization  needed  for  commercial  success. 

Airships  also  face  an  operational  constraint  on  their  altitude.  As  an  air¬ 
ship  rises,  the  external  air  pressure  decreases.  Therefore,  the  gas  inside  the 
airship  expands.  When  the  Internal  gas  expands  to  the  limits  of  the  gas  cell, 
the  airship  can  go  no  higher  without  bursting  or  somehow  removing  gas  from 
the  cell.  This  altitude  Is  called  the  “pressure  altitude.”  To  raise  the  pressure 
altitude,  the  airship  can  start  its  flight  with  less  gaa  However,  this  decreases 
payload.  The  compromise  solution  developed  by  airship  operators  was  to 
cruise  at  about  1,600  to  2,000  feet  with  a  pressure  altitude  of  about  6,000  feet. 
The  resulting  circuitous  routings  in  mountainous  areas  increased  both  time 
and  futi  consumption.  The  economic  impact  of  such  procedures  at  today'.s 
labor  and  fuel  prices  is  unknown. 

TECairiCAL  SOtUTlONS 

Technology  available  today  or  in  the  foreseeable  future  can  alleviate  many 
of  these  problems.  Perhaps  the  most  useful  technological  innovations  would 
be  the  application  of  modern  sensors  and  variable  thrust  and  direction  en¬ 
gines  to  both  stabilize  position  and  perform  precise  maneuvers.  As  in  the 
ApoUo  spacecraft,  inertial  sensors  that  detect  directional  ^nd  rotational 
forces  can  be  coupled  through  a  computer  to  active  control  systems.  This 
would  allow  rapid  detection  of  undesired  motion  and  the  application  of  cor¬ 
rective  forces  to  counter  the  motion  before  it  becomes  too  severe.  This  type 
of  system  would  improve  ground  handling  and  air  operations. 

Television  cameras  could  be  used  to  monitor  the  parts  of  the  airship  not 
directly  observable.  They  would  also  provide  the  crew  with  extra  e.ves  during 
precise  maneuvers  such  as  docking.  Radar  altimeters  would  provide  better 
knowledge  of  altitude.  Better  radio  and  navigation  equipment  would  provide 
considerably  more  Information  than  an  old  and  experienced  zeppelln  captain 
would  have  ever  thought  possible. 

Modem  weather  pr^ictlon  techniques  and  frequent  forecast  updates  would 
allow  the  safe  circumvention  of  storms,  as  would  airborne  weather  radars. 

Computerized  structural  design,  techniques  would  permit  more  accurate 
analyses  of  the  stresses  and  strains  an  airship  would  have  to  endure.  This, 
coupled  with  today’s  knowledge  of  storm  intensities  and  shear  forces,  would 
lead  to  structures  designed  to  withstand  the  worst  weather  possible.  And  the 
application  of  titanium  and  composite  flber  materials  would  minimize  the 
weight  of  these  structures.  New  synthetics  are  available  to  make  stronger- 
whlle-llghter-welght  coverings. 

The  use  of  on-board  gas  compression  systems  would  alleviate  some  of  the 
problems  of  pressure  height  and  ballasting  mentioned,  although  the  weight 
of  current  systems  would  have  to  be  reduced.  Likewise,  nuclear  propulsion 
could,  be  used  to  extend  range  and  eliminate  the  need  to  use  water  recovery 
or  other  ballasting  techniques  to  compensate  for  the  loss  of  weight  as  fuel 
is  consmned. 

In  short,  the  technology  Is  available  to  address  many  of  the  problems  of 
llghter-than-air  already  discussed.  The  basic  question  remains  whether  the 
demand  for  lighter-than-alr  services  is  .sufficient  to  offset  the  costs  of  this 
technology  as  reflected  in  the  price  that  would  have  to  be  charged  for  the 
service. 
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ECONOMIC  ISSUES 

For  any  new  method  of  transportation  to  gain  acceptance,  it  must  offer  an 
improTement  over  existing  systems,  in  terms  of  performance  or  cost  or  both. 
Therefore,  to  be  a  commercial  success,  lighter-than-air  must  capture  traffic 
from  an  existing  mode  of  transportation  by  offering  a  better  service  or 
generate  new  traffic  by  offering  services  not  currently  available. 

It  is  extremely  di^ult  to  predict  what  new  markets  or  types  of  traffic 
might  be  developed  if  airships  did  exist.  Some  come  to  mind,  such  as  the 
transport  of  bulky  power  generation  equipment  to  remote  sites,  but  the  de¬ 
mand  for  such  applications  is  limited.  In  any  case,  it  is  doubtful  whether 
the  management  of  a  potential  airship  manufacturer  would  commit  funds  for 
development  based  on  such  speculation  alone.  Therefore,  the  remainder  of 
this  discussion  will  concentrate  on  the  share  of  traffic  airships  might  capture 
frcHn  traditional  modes. 

LTA’s  ability  to  lure  traffic  from  other  modes  will  depend  on  the  types  of 
markets  it  can  serve.  At  the  present  time,  most  time-sensitive  shipments 
travel  by  truck  for  short  distances  and  air  for  long  distances.  But  speed  is 
expensive.  Truck  costs  average  around  7  cents  per  ton-mile.  Air  may  run  as 
high  as  20  cents  per  ton-mile  (although  container  rates  for  belly  cargo  in 
wide-bodied  aircraft  are  in  the  range  of  8  to  10  cents  per  ton-mile,  approach¬ 
ing  truck  rates).  Rail  traffic  is  slow  and  more  suited  to  bulk  commodities, 
with  costs  in  the  range  of  2  to  3  cents  per  ton-mile.  At  the  bottom  of  the 
spectrum  is  ship  or  barge  traffic,  slower  still,  but  with  costs  approaching  1 
cent  per  ton-mile  or  less. 

In  terms  of  speed,  the  airship  is  superior  to  surface  modes,  but  inferior  to 
the  airplane.  In  terms  of  capacity,  the  airship  is  superior  to  the  truck  and 
airplane,  but  Inferior  to  large  trains,  barge  tows  or  ocean  transports. 

If  the  costs  of  airship  freight  were  the  same  as  for  aircraft,  the  airship 
would  not  capture  any  traffic  from  another  mode.  At  the  same  cost,  traffic 
could  move  at  the  higher  speed  of  air  since  fewer  people  would  want  less 
service  for  the  same  price. 

If  the  costs  of  alndilp  freight  were  similar  to  those  of  truck,  the  alr^ip 
would  capture  that  portion  of  the  current  air  freight  market  that  is  semi- 
time-sensitive — traffic  that  must  move  faster  than  truck  but  does  not  have 
to  travel  at  jet  speeds.  Currently,  it  moves  by  air  because  there  is  no  alterna¬ 
tive.  An  airship  with  costs  less  than  air  and  speed  greater  than  truck  could 
capture  this  market 

The  airship  with  costs  similar  to  truck  would  also  capture  some  traffic 
now  moving  by  truck,  but  not  all.  Trucks,  because  of  their  door-to-door 
oapability  would  still  offer  an  overall  time  advantage  in  many  markets  Also, 
smaller  shipments  that  comprise  less  than  a  truckload  would  probably  still 
move  by  truck  to  avoid  the  rehandling  required  to  load  them  on  an  airship, 
htrge  shipments  that  currently  move  in  multi-truckload  lots  (such  as  agri¬ 
cultural  crops)  would  be  the  prime  candidate  for  using  airships  instead  of 
trucks. 

If  the  cost  of  airship  freight  were  cmnparable  to  bulk  carriers  such  as 
train,  barge  or  ocean  transport,  the  airship  would  capture  a  large  share  of 
the  bulk  market.  However,  much  traffic  would  still  move  by  traditional  modes — 
some  because  established  collection  and  distribution  patterns  are  based  on 
current  line-haul  methods  and  would  cost  too  much  to  change,  some  because 
the  traditional  mode  can  carry  more  in  one  shipment  than  several  airshliM 
(e.g.  100,000  ton  tankers)  saving  transfer  and  handling  costs. 

The  discussion  so  far  has  been  based  on  United  States  domestic  rates.  A 
different  picture  emerges  in  developing  nations.  Unlike  the  United  States, 
most  underdeveloped  areas  do  not  have  an  extensive  transportation  infra¬ 
structure — ^Le.  existing  highways,  railroad  track,  canals,  airports  and  port 
facilities.  If  the  costs  of  these  facilities  are  included  in  the  calculation,  tlie 
airship's  relative  economies  would  improve  greatly  since  it  does  not  need  an 
expensive  infrastructure. 

Similar  analysis  can  be  performed  for  military  applications  by  comparing 
the  airships  to  ships,  helicopters  or  whatever  craft  is  currently  needed  for 
a  particular  mission. 

In  any  case,  the  extent  to  which  airships  will  capture  traffic  carried  by 
present  modes  of  transportation  will  primarily  depend  on  the  costs  of  airship 
service. 
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What  these  costs  will  actually  be  Is  the  major  unanswered  question  of 
Ughter-tban-alr.  The  methods  for  calculating  those  costs  are  straightforward. 
However,  the  results  are  extremely  sensitive  to  the  assumptions  used  and 
assumptions  must  be  made  beoause  actual  data  is  virtually  nonexistent. 

To  determine  cost  per  unit  of  output,  say  the  ton-mile,  total  output  over 
some  time  period  Is  computed.  This  is  then  divided  Into  the  total  cost  over 
that  same  period.  As  a  first  step,  one  computes  the  productivity  of  the  ve¬ 
hicle.  This  is  the  product  of  the  vAicle’s  payload  capacity  and  its  speed. 
Thus,  by  multiplying  the  lift  capacity  In  tons  (available  tons)  by  the  speed 
In  miles  per  hour,  one  gets  the  productivity  In  available  ton-miles  per  hour. 


available  tonaX-r - = 

hour 


miles  available  ton-miles 


hour 


Multiplying  this  result  by  the  hours  of  utilisation  expected  in  one  year  yields 
the  potential  traffic-carrying  capacity  of  the  vehicle  in  one  year. 


available  ton-miles  ^  hours 


available  ton-miles 


hour  ' ' year  year 

But  vehicles  are  not  always  full.  Therefore,  this  available  capacity  must  be 
multiplied  by  the  load  factor  to  get  the  revenue  ton-miles  per  year. 

aviulable  ton-noiles.,,  revenue  ton-miles 

- X  load  factor = - 

year  year 

If  the  total  costs  for  the  year  are  now  divided  by  the  revenue  ton-miles,  the 
result  is  the  cost  per  revenue  ton-mile  or  the  cost  pier  ton-mile  carried  for  profit. 

_ cost/year _ _ cost _ 

revenue  ton-miles/year” revenue  ton-mile 

As  an  example,  a  wide-bodied  jet  freighter  can  cany  about  100  tons  (200,000 
pounds)  at  about  500  nules  per  hour.  Thus  its  productivity  is 

1  i  vy  500  miles  50,000  ton-miles 
100  tonsX -hbm - 


At  a  typical  utilhsatlon  of  3,000  hours  iier  year,  the  total  yearly  capacity 
would  be  160,000,000  available  ton-miles.  A  50  per  cent  load  factor  would  yield 
76,000,0()0  revenue  ton-miles  per  year.  The  annual  direct  operating  cost  of 
suidi  an  aircraft  would  be  about  6,000,000  dollars.  In  an  all-freight  airline, 
the  indirect  costs  are  typically  about  50  per  cent  of  the  direct.  Therefore, 
total  annual  costs  would  be  about  9,000,000  dollars,  yielding  a  cost  per 
revenue  ton-mile  of  about  12  cents. 

Similar  calculations  can  be  made  for  a  Iighter.4ban-air  vehicle.  But  because 
of  a  lack  of  valid  data,  many  assumptions  must  be  made.  For  example, 
several  engineering  studies  indicate  that  a  200  mile-per-hour  airship  with  a 
1,000  ton  payload  is  technically  possible.  (There  are  also  studie.s  that  challenge 
this  position.)  If  the  utilisation  is  3.000  hours  per  year  as  for  an  airplane 
and  a  60  per  cent  load  factor  is  assumed,  the  yearly  capacity  would  be 
800,000,000  revenue  ton-miles — four  times  that  of  the  wide-bodied  jet.  If  the 
utilization  were  6,000  hours,  in  the  range  of  an  ocean  tanker,  the  yearly 
capacity  would  jump  to  600,000,000  revenue  ton-miles — eight  times  that  of 
a  wide-bodied  jet. 

If,  however,  we  make  different  assumptions,  the  results  change  drastically. 
If  the  most  economical  speed  for  an  airship  is  100  miles  per  hour  (which  is 
above  the  cruising  speed  of  the  Graf  2!eppelin  and  other  early  rigids),  the 
payload  is  600  tons  Instead  of  1,000  and  the  utilization  is  2,000  hours,  the 
annual  capacity  at  a  60  per  cent  load  factor  drops  to  60,000.0()0  revenue  ton- 
miles — two-thirds  that  of  a  wide-bodied  Jet  If  the  .yearly  operating  costs 
were  the  same  as  a  wide-body  under  each  set  of  assumptions,  the  cost  per 
ton-mile  would  vary  inversely  as  the  annual  revenue  ton-miles  carried — or 
from  leas  than  2  cents  per  ton-mile  under  the  most  favorable  assumption  to 
20  cents  per  ton-mile  under  the  least  favorable.  Tet  all  these  assumptions 
are  quite  reasonable. 

On  the  cost  side,  the  largest  unknowns  are  the  cost  of  the  airship  itself 
and  its  useful  life.  The  cost  of  the  airship  is  determined  by  four  major 
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factors:  the  total  development  cost,  the  number  of  units  produced  (needed 
to  compute  the  development  cost  per  unit),  the  construction  cost  per  unit 
and  the  cost  of  the  engines.  ReasonaMe  estimates  of  the  latter  can  be  ob¬ 
tained  since  a  first  generation  airship  would  no  doubt  use  available  engines. 
Alt  the  other  variables  are  unknown.  Estimates  of  development  costs  run 
from  SO  to  500  million  dollars.  The  number  of  airships  needed  has  been 
estimated  between  10  and  100.  Construction  cost  estimates  also  vary  consider¬ 
ably.  Thus,  the  price  per  airship  could  vary  between  perhaps  15  and  150 
million  dollars. 

Having  purchased  an  airship,  the  operator  would  depreciate  it  over  some 
useful  life.  The  annual  depreciation  cost  is  part  of  the  annual  operating 
»  cost  used  to  determine  cost  per  ton-mile.  Assuming  a  25,000,000  dollar  airship 

with  a  10  year  life,  the  annual  depreciation  cost  would  be  2.500,0(X)  dollars. 
In  an  airline  o^ration,  depreciation  is  typically  10  per  cent  of  the  total 
operating  cost.  Based  on  2,500,000  dollars  depreciation,  the  annual  total 
airship  operating  cost  would  be  26,000,000  dollars.  In  an  ocean  tanker  opera- 
'  tlon,  the  depreciation  represents  about  50  per  cent  of  the  direct  cost.  Under 

this  assumption,  the  annual  direct  cost  would  be  5,000,000  dollars.  Indirect 
cost  is  assumed  to  add  another  50  per  cent  to  the  direct  cost  for  a  total 
annual  cost  of  7,600,000  dollars.  Will  the  airship  be  closer  to  the  airplane  or 
the  tanker  cost  structure? 

These  exercises  point  out  how  sensitive  study  results  are  to  the  assump¬ 
tions  used.  An  error  of  a  factor  of  two  or  three  can  substantially  alter  the 
results  in  terms  of  cost  per  ton-mile.  And  differences  of  but  a  few  cents  per 
ton-mile  may  prevent  airships  from  capturing  traffic  from  other  modes  a  d 
spell  financial  disaster  for  operators. 

INSTITUTIONAL  CONSTRAINTS 

A  final  set  of  probU-'ns  is  that  imposed  by  government  regulation,  union 
contracts  and  the  tike.  Perhaps  the  most  important  is  bow  will  alrshiu 
development  funds  be  raised?  Secor  Browne,  before  he  left  the  Civil  Aero¬ 
nautics  Board,  said  that  the  United  iiitates  aircraft  industry  could  no  longer 
afford  to  develop  new  aircraft  and  requested  legislation  to  alleviate  this 
problem.  If  it  is  true  that  the  aerospace  industr.v  cannot  afford  to  develop 
new  heavier-than-alr  vehicles,  a  field  in  which  they  have  great  experience 
and  are  world  leaders,  can  it  be  expected  to  underwrite  the  development 
of  airships — with  all  their  inherent  unknowns? 

How  will  airships  be  certified?  The  Federal  Aviation  Administration  has 
been  attempting  to  develop  standards  for  STOL  aircraft  for  several  years, 
although  the  differences  between  STOU  and  conventional  aircraft  are  not 
that  dramatic.  Bow  long  will  it  take  to  develop  standards  fur  commercial 
airships?  How  will  airships  be  tested?  What  safety  standards  will  apply? 

How  will  airships  be  handled  b.v  the  air  traffic  control  system?  At  the 
least,  because  of  their  relatively  low  speeds  and  altitude  restrictions,  special 
•  proc^ures  of  some  type  will  be  n  eded. 

Will  airships  be  operated  by  air  ines?  By  shipping  companies?  Will  certifi¬ 
cates  of  public  convenience  and  necessity  l>e  required?  Will  the  aviation 
or  the  maritime  unions  have  jurisdiction?  Will  the  Civil  Aeronautics  Board  or 
«  the  Federal  Maritime  Commission  have  jurisdiction?  What  of  our  inter¬ 

national  bilateral  agreements?  Will  they  apply  or  will  new  negotiations  be 
needed? 

Although  these  issues  are  currently  overshadowed  by  the  technical  and 
economic  questions,  they  must  at  least  be  considered. 

HOW  CAN  THE  UNKNOWNS  BE  ANSWERED? 

Thus  far,  possible  uses  and  associated  problems  of  airships  have  been 
discussed.  How  are  the  conflicts  and  the  unknowns  to  be  resolved?  As  a  first 
step,  the  Office  of  the  Secretary  of  Transportation,  the  Federal  Aviation 
Administration,  the  Navy  and  the  National  Aeronautics  and  Space  Admin¬ 
istration  have  contracted  with  the  Massachusetts  Institute  of  Technology’s 
Flight  Transportation  Laboratory  to  conduct  a  week-long  workshop  on 
lighter-than-air  in  September  of  this  year.  This  is  in  addition  to  other  studies 
already  underway  or  planned  by  these  agencies. 
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Workshops  have  been  used  for  many  years  to  brin;  together  a  group  of 
people  knowledgeable  on  a  particular  subject  for  an  intensive  period  of 
discussion  and  interchange  of  Ideas.  As  many  representatives  of  different 
perspectives  and  viewpoints  on  LTA  as  can  practically  be  expressed  will  be 
Invited  to  participate  at  all  levels  of  the  program.  Some  participants  will 
come  for  only  one  session,  some  will  attend  the  entire  program. 

The  goal  of  the  lliditer-than-alr  workshop  Is  to  establish  what  facts  are 
known  about  liTA's  potential,  what  are  the  unknowns  and,  in  turn,  to  Identify 
programs  (and  their  cost)  that  could  answer  some  of  the  unknowns.  As  a 
fact-finding  body,  the  workshop  will  not  adopt  an  advocacy  position  for 
or  against  potential  programs  or  for  or  against  lighter-than-air  in  general. 

After  three  days  of  papers  and  presentations  on  various  lighter-than-alr 
topics  such  as  missions,  construction  techniques  and  operational  economics, 
workshop  participants  will  spend  two  days  discussing  the  presentations, 
identi^lng  areas  that  need  further  investigation  and  proposing  programs  that 
could  be  undertaken  to  answer  the  unknowns. 

It  is  hoped  that  the  options  developed  will  serve  as  a  starting  point  for 
further  research  if  the  costs  seem  Justified  by  the  airship’s  potential.  Al¬ 
though  the  workshop  is  not  designed  to  answer  many  of  the  questions  raised, 
it  may  poll  t  the  way  to  answering  these  questions  and,  indeed,  to  separating 
fact  from  speculation  once  and  for  all. 

Senator  Gtoldwater.  I  have  some  material  on  lighter-than-air  air¬ 
craft  that  I  would  like  included  in  the  record  at  this  point. 

[The  mate  ■  ial  referred  to  above  follows ;] 

[Reprinted  from  the  Conspresslonal  Record,  Oct.  30,  1973] 

Why  Not  Bumps? 

Mr.  GmuiWATiaL  Mr.  President,  NASA  is  currently  studying  the  various 
ways  to  move  the  Space  Shuttle  from  point  to  point  within  the  Earth’s  at¬ 
mosphere.  The  need  arises  because  NASA  will  have  to  move  the  Space 
Shuttle  from  the  factory  to  either  the  Kennedy  Space  Onter  at  Cape  Canav¬ 
eral  or  Vandenberg  Air  Force  Base  in  California.  Moreover,  the  Space 
Shuttles  may  have  to  be  moved  from  one  launch  site  to  another  owing  to 
mlstdon  requirements. 

I  am  informed  that  NASA  is  considering  various  ways  of  moving  the 
Shuttle  in  level  flight,  among  these  are:  fitting  air  breathing  engines  in  a 
strap-on  mode,  modifying  a  C-5A  as  a  piggy  back  carrier.  Joining  together 
two  747s,  towing  the  Shuttle  behind  a  transport  aircraft. 

All  have  serious  drawbacks. 

Why  not  blimps? 

I  have  written  to  Dr.  James  C.  Fletcher,  the  Adminiiirator  of  NASA  sug¬ 
gesting  the  posMbility  of  blimps  or  dirigibles.  They  have  the  following  at¬ 
tractive  features: 

First.  Tx>w  power  requirements. 

Second.  Low  noise  levels. 

Third.  High  inherent  stability. 

Fourth.  No  runways  needed. 

Fifth.  Great  ability  to  hover. 

America  has  a  plentiful  supply  of  helium  to  provide  buoyancy — buoyancy 
without  the  threat  of  fire. 

From  the  foregoing  it  seems  clear  that  blimps  or  dirigibles  would  be  so¬ 
cially  acceptable.  They  would  not  consume  great  quantities  of  fuel.  They 
would  pollute  less.  They  would  not  add  appreciably  to  existing  noise  levels. 
Finally,  blimps  are  friendly. 

The  only  real  technical  problem  that  1  know  of  involves  the  takeoff  and 
landing.  Tears  ago  large  crews  were  used  to  assist  takeoffs  and  landings  by 
handling  tethers.  Inevitably,  there  were  injuries.  And.  the  high  cost  of  large 
standby  crews  might  be  prohibitive  today.  I  believe  this  problem  can  be 
solved  by  using  modem  technology. 

Mr.  President,  I  ask  unanimous  consent  that  the  text  of  my  letter  to  Dr. 
James  C.  Fletcher  be  included  at  this  point  in  the  Record. 

There  being  no  objection,  the  letter  was  ordered  to  be  printed  in  the 
Record,  as  follows: 
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“U.S.  Sematk, 

CoMUITTEE  ON  AEBOMADTICAL  AND  SPACE  SCIENCES, 

WiuhiHffton,  D.C.,  October  29,  197S. 

“Dr.  James  C.  Fletcheb, 

AdmiiUatrittor,  NatUmai  AentUMUet  tmd  Space  AdmtndetratUm, 

WasMnifton,  D.C. 


“Dear  Dr.  Fletcher:  As  yon  know,  NASA  is  considerlnK  Tsrious  ways  of 
moving  the  Space  Shuttle  from  point  to  point  within  the  USA.  I  would  like 
to  suggest  that  you  consider  the  possibility  of  using  either  blimps  or  dirigibles. 

“If  blimps  and  dirigibles  looked  attractive  from  economic  and  engineering 
standpoints,  it  would  provide  NASA  with  a  multipurpose  means  of  trans¬ 
portation.  For  example,  the  solid  rockets  and  the  tanks  for  the  Shuttle  could 
be  moved  by  them. 

“As  far  as  I  can  tell,  it  has  been  a  long  time  since  the  U.S.  Government 
has  studied  the  economics  and  engineering  of  blimps  and  dirigibles.  If  such 
a  study  were  made  in  conjunction  with  the  Space  Shuttle,  I  would  like  to 
suggest  that  NASA  simultaneously  study  blimps  and  dirigibles  as  a  meth^ 
of  cmumercial  transportation.  One  purpose  of  such  a  study  might  be  to 
answer  this  question:  What  kinds  of  cargoes,  if  any,  could  they  haul  eco¬ 
nomically? 

“I  am  sure  you  can  appreciate  the  favorable  public  reaction  that  would 
occur  if  NASA  was  able  to  provide  technology  for  moving  food  from  the  farm 
to  the  marketplace  in  a  cheaper,  faster  way. 

“With  warmest  personal  regards,  I  am 
“Sincerely  yours. 


“Barrt  Goldwater, 
Ranking  Minority  Member.'’ 

Mr.  Goldwater.  Mr.  President,  in  the  October,  1973  edition  of  the  Astro¬ 
nautics  and  Aeronautics,  there  is  a  very  fine  article  entitled,  “The  Many  Uses 
of  the  Dirigible.”  It  authors  are  Jack  R.  Hunt,  Ben  B.  Levitt,  Francis  Morse, 
Kurt  R.  Stehllng,  and  J.  Gordon  Vaeth.  They  point  out  that  many  people 
have  an  adverse  reaction  to  dirigibles,  because  of  bad  memories  of  the 
Hindenburg  which  blew  up  at  Lakehurst,  N.J.,  in  1937.  The  Bindenburg  used 
hydrogen  for  buoyancy  and  thus  was  highly  susceptible  to  explosion.  German 
zeroallns  bad  to  use  highly  volatile  hydrogen  as  a  result  of  a  U.S.  embargo 
on  helium. 

However,  it  is  a  fact  that  during  the  years  1936-37,  German  Eeppelins 
made  over  200  transatlantic  flights  on  schedule  or  nearly  so.  On  one  occasion 
during  a  flight  to  Rio  de  Janeiro,  a  seppelin  was  unable  to  land  as  there 
was  a  revolution  in  progress.  The  airship  simply  maintained  station  over  the 
Atlantic  until  the  airport  resumed  operations. 

The  authors  see  many  uses  for  the  dirigible.  The  one  that  impresses  me 
the  most  is  that  of  a  cargo  carrier. 

I  know  many  Senators  have  received  letters  about  the  boxcar  shortage. 
Many  communities  throughout  the  land  have  been  short  of  transportation. 

I  believe  it  is  time  for  NASA  to  take  a  new  look  at  blimps  and  dirigibles — 
a  new  look  at  the  engineering  and  economical  problems  involved.  I  don’t 
believe  NASA  should  go  full  bore  into  development.  1  do  believe  NASA  should 
provide  study  money  to  take  a  further  look  at  blimps  and  dirigibles  from 
the  vantage  point  of  1973  economics  and  technology. 

Any  transportation  system  promising  low  noise  and  low  fuel  consumptipn 
deserves  some  consideration  today. 

Mr.  President,  I  ask  unanimous  consent  to  have  the  article  entitled  “The 
Many  Uses  of  the  Dirigible”  printed  in  the  Record. 

There  being  no  objection,  the  article  was  ordered  to  be  printed  in  the 
Record,  as  follows: 


“The  Many  Uses  of  the  Dirioible 

“(Modem  technology  combined  with  still  unrivalled  payload,  internal  vol¬ 
ume,  range,  and  endurance  will  equip  the  airships  of  the  future  to  do  the 
jobs  no  other  vehicle  can.) 

"The  revival  of  large  airships  could  provide  the  United  States  with  a 
dramatically  new  and  different  technological  challenge.  (See,  ‘Dirigibles: 
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Aerospace  Opportunities  for  the  ’TOs  and  ’80s,'  In  the  November  A/ A.)  But 
engineering  challenge  alone  will  not  attract  enough  support.  Dirigibles  must 
be  needed.  'Hiey  must  be  able  to  do  things  no  other  aircraft  can  do  as  well 
or  do  at  all.  We  will  detail  some  of  these  singular  talents  In  this  article. 

“But  remember.  In  evaluating  the  dirigible’s  renewed  usefulness  think  in 
terms  of  future  airship  design  and  performance.  Thirty-six  years  have  passed 
since  the  Bindeiiburg’»  hydrogen  caught  fire  at  Lakehurst.  Yet  most  persons 
visualise  tomorrow’s  helium-fllled  dirigibles  as  more  Bindenhurg’t.  This  is 
like  trying  to  predict  the  usefulness  of  a  future  airplane  by  what  the  Ford 
Trlmotor  or  DC-B  could  do. 

“Bemember  also  that  different  application  will  require  different  designs 
and  configurations.  Slse  will  vary  according  to  purpose.  Some  applications 
will  require  nuclear  propulsion;  others  will  be  better  served  by  more  conven- 
tionai  power.  And,  recalling  ttmt  the  Zeppelins  of  WW  I  carried  loads  to 
10,000  ft.  we  must  expect,  too,  a  variety  of  cruising  altitudes  and  speeds. 

“Also  kecq>  in  mind  that  airships  are  not  unduly  weather-sensitive.  Ground 
handling  in  severe  weather  admittedly  takes  great  care,  but  once  airborne 
airships  take  on  quite  a  different  nature.  For  this  reason  future  uses  of  the 
dirigible  anticipate  their  remaining  aloft  as  much  as  possible,  and  loading 
or  unloading  passengers,  freight,  supplies,  and  crew  by  hoist,  hook-on  planes, 
or  perhaps  helicopters. 

“The  German  Zeppelin  operators  of  the  10208  and  ’30s,  pioneers  in  pressure 
pattern  navigation  that  they  were,  actually  chased  after  storms  to  bitch  a 
ride  on  the  ^nd  circulation  around  them.  In  this  way  the  Bindenburg  once 
reached  a  ground  speed  of  188  mph.  After  »  ,c  years  of  Hying  the  North  and 
South  Atlantic,  Zeppelin  captains  learned  respect  penetrating  fronts  rather 
than  fear  it.  Trim  the  ship,  place  it  in  static  equilibrium,  and  at  low  altitude 
enter  the  ligdtt  spots  was  what  they  t  <.  '’nely  did — and  without  benefit  of 
radar.  Localised  thunderstorms  they  circF  Janavigated.  More  than  a  half  mil¬ 
lion  hours  safely  flown  by  the  Navy  blimps  in  WW  II  reinforced  the  Zeppelin 
men’s  conclusion. 

“Not  even  Idng  presents  the  hazard  supposed.  Protracted  flights  in  rime 
Icing  have  shown  that  an  airship -picks  up  a  static  load  equal  to  about  6% 
of  its  gross  weight  after  which  no  more  builds  up.  Glaze  icing  poses  an  in¬ 
significant  hazard  owing  to  its  random  distribution  over  the  surface  of  the 
ship  and  the  short  time  during  which  glaze  Icing  conditions  persist.  Snow- 
does  accumulate  but  not  in  dangerous  amounts  for  airspeeds  above  40  kt. 

“This  icing  information  came  out  of  all-weather  stationkeeping  carried  out 
in  January  19B7.  While  the  most  severe  winter  weather  in  76  years  hit  New 
Entfland,  Navy  blimps  from  a  squadron  at  South  Weymouth,  Mass.,  and 
from  another  at  Lakehurst.  N.J.,  manned  a  point  200  mi  east  of  New  York 
City,  keeping  at  least  one  airship  on  station  at  all  times  for  10  consecutive 
days.  Meanwhile,  weather  grounded  commercial  carriers  for  three  of  these 
days  at  all  major  Northeast  airports.  After  this  performance  airships  hardly 
deserved  dismissal  as  ‘fair  weather  aircraft’ 

“But  this  is  history.  The  technology  used  in  future  airships — the  nature  of 
their  sUn,  the  ducting  of  heat,  the  use  of  embedded  electrical  elements,  the 
carrying  of  balast  that  doubles  as  deicer  fluid— would  overcome  any  remain¬ 
ing  icing  handicaps  as  surely  as  modern  techniques  have  done  so  for  airplanes. 

“Designing,  building,  and  operating  large  structural  airships  makes  per¬ 
fectly  sound  engineering  sense.  Whether  Zeppelins,  metal-clads,  or  some  other 
type,  however,  their  engineering  must  permit  a  suitable  magnitude  of  de¬ 
flection  throughout  their  structure,  something  that  was  not  always  done  in 
fhe  past.  Given  this  structural  flexibility  and  ^ven  the  level  of  technology 
that  made  possible  the  Boeing  747  and  the  Saturn  V,  nothing  prevents  build¬ 
ing  airships  as  airworthy  as  any  other  man-made  thing  that  flies. 

“The  dirigible’s  appeal  for  the  future  lies  in  certain  characteristics  possessed 
either  not  at  all  or  to  only  a  limited  or  lesser  extent  by  other  aircraft.  In¬ 
herently  it  makes  an  environmentally  clean  vehicle  which  could  appreciably 
reduce  pollution  caused  by  aircraft  operations.  It  combines  very  large  payload 
with  extreme  range  and  a  flight  endurance  measurable  in  days,  w^s,  oi 
with  nuclear  power,  months.  Substantial  shipping  Wds  could  carry  bulky 
cargo.  It  could  tran^mrt  outsized  items,  such  as  preassembled  structures, 
slung  beneath  the  hull  and  accurately  lower  them  into  place  while  hovering 
overhead.  Sightseers,  arms-control  (Aservers,  land  or  sea  bed  treaty  inspectors. 
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mappers,  seologiflts,  agricolturaUats,  oceanographers,  biologists,  coastline  sur- 
veyors,  doctors  and  nurses,  rescue  workers,  salvagers,  archeologists,  and 
others  c<mld  trav^  abroad  by  the  hundreds  and  with  room  to  work  and  live 
comfortably.  Fbr  mounting  sensitive  equipment  the  structure  of  a  large  dirigi¬ 
ble  would  prove  convenient  as  would  the  airship’s  standing  as  perhaps  the 
most  stable  and  vlbratton-free  propdled  airborne  platform  man  can  build. 

“The  usefulness  of  a  dirigible  la  a  function  of  Its  volume.  The  Hinienhurg’$ 
7-mllll<m  cu.  ft  approached  an  eOdent  else  for  its  purpose,  its  day,  and  Its 
hydrogen  inflation.  Lighter  materials  and  improved  structures  would  reduce 
dead  welidit  and  Improve  performance  In  the  future.  Bven  so,  tcunorrow’s 
mtiMrirtiis  wt^d  require  larger  slses — nine-,  twelve-,  perhaps  twenty-two-mil- 
lion  cu.  ft. 

“Projectlona  set  the  payload  of  a  22-mlllion  cu.  ft.  conventionally  propelled 
airship  of  conservative  dedgn  at  615,000  lb  for  a  range  of  2960  ml,  and 
a^OOO  lb  for  6600  mL  With  nuclear  power  the  payload  remains  666,000  lb 
regardless  of  range.  This  Is  Impressive  carrying  power  by  any  standards. 
Corresponding  payloads  for  the  C-6A — considered  by  some  the  largest  cargo 
airplane  pracdcat— r^rtedly  weigh  266,000  lb  and  80,000  lb,  respectively, 
nowhere  near  the  air^p’a 

“With  perfmmance  like  this  and  that  graphed  at  right,  dirigibles  could  well 
become  merohamt  thipt  of  the  atr,  carrying  low-density  and  large-dimension 
cargoes  that  Jet  fr^ghters  find  economicaUy  unattractive  or  practicably  Im¬ 
possible  to  handle.  Airships  could  transport  these  shipments  nonstop  at  100 
or  more  mph  (depending  on  derign  and  powerplants)  across  oceans  and  then 
deep  Into  c<mtlnental  interiors.  At  destination,  they  could  unload  without 
landing,  using  propter  thrust-vector  control  and  other  techniques  to  help 
maintain  position  and  compensate  for  changes  in  weight.  If  the  cargo  hap¬ 
pens  to  require  a  landing,  they  would  need  only  a  flat  clearing  and  simpde 
stick  mast  They  would  need  no  costly  port  terminals  or  thousands  of  feet 
of  heavy-duty  nmways. 

"This  ability  to  bring  large  (In  size  and  weight)  cargoes  into  and  out  of 
areas  without  landing  facilities  would  make  the  airship  a  logical  candidate  for 
Introducing  trade  into  the  underdev^oped  and  inaccessible  regions  of  Africa, 
ScNitb  America,  and  Asia. 

“As  aerial  oratee  ahipa  dirigibles  also  have  much  to  offer.  The  Hindenburg 
was  considered  the  quietest  form  of  transportation  then  available.  The  noise 
level  in  its  passenger  quarters  ranged  between  40  and  61  dB.  It  flew  so 
smoothly  that  tall  vases  bolding  cut  flowers  safely  stood  on  its  tables.  Scarcely 
a  rip^e  dlstniiied  the  surface  of  water  or  wine  in  gobieta  Absent  were  the 
often  abrupt  motions  of  heavier-than-air  flight.  No  one  got  airsick. 

“Passengers  had  accommodations  like  those  on  a  luxury  steamer.  'They 
particulariy  liked  the  large  outward-slanting  draft-free  windows  along  the 
promenade  decks.  These  windows  usually  remained  open  and  through  them 
passengers  could  look  directly  out  at  the  scenery  beneath.  Because  the  ship 
cruised  at  about  a  thousand  feet,  it  offered  spectacular  si^tseeing.  Those 
who  paid  their  $400  to  fly  the  Atlantic  this  way  sat  or  stood  for  hours  before 
the  windows.  They  described  the  experience  of  traveling  on  the  Hindenburg 
by  saying)  ‘Ton  fly  on  an  airplane  but  yon  voyage  on  an  airship.’ 

“An  even  more  enjoyable  fll^t  would  await  those  who  cruise  on  tomor¬ 
row’s  dirigibles.  The  anticipation  of  gliding  slowly  over  and  around  the 
islands  of  the  Caribbean  and  of  exploring  from  comfortable  quarters  in  the 
air  the  historic  and  picturesque  coastlines  of  the  Mediterranean  would  almost 
certainly  attract  vacationers  in  large  numbers.  Imagine  the  thrill  of  hovering 
low  over  the  canals  of  Venice  or  the  ruins  of  ancient  civilisations  and  seeing 
and  photographing  them  unhurriedly  in  detailed  plain  view.  Consider  the 
appeal  of  following  a  river  like  the  Amazon,  poking  around  the  Arctic  ice 
pack  in  the  summer,  or  circling  the  g^obe,  all  while  aboard  an  airborne  resort 
hotel  For  land  excursions  passengers  could  be  ferried  to  the  ground  and 
back  by  airidane.  Or  the  airship  might  ride  to  a  sea  anchor  offshore  and  lower 
its  guests  to  the  surface  where  waiting  hydrofoils  would  take  them  into  port. 

“Cruise  activity,  a  major  part  of  the  maritime  scene,  has  fallen  captive  al¬ 
most  entirely  to  foreign-flag  ships.  A  new  type  cruise  vessel,  something  en¬ 
tirely  different,  to  attract  U.S.  and  other  tourists  would  help  reduce  the  sub¬ 
stantial  dollar  outflow  resulting  from  recreation  travel. 
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“Tbe  ieiaure  use  of  the  dirigible  contraeis  sharply  with  its  value  for  giving 
M*i$tanee  and  saving  lives  foUovoing  natural  disasters.  Earthquakes,  typhoons, 
storm  surges,  floods,  landslides,  and  other  such  calamities  continually  remind 
us  of  our  inadequate  preparations  for  dealing  with  them.  Each  invariably 
touches  off  a  frantic  international  effort  to  provide  assistance.  How  well  that 
effort  succeeds  depends  on  where  the  tragedy  strikes  and  how  accessible  by 
air.  If  airports  have  been  crumpled,  submerged,  washed  away,  or  if  they 
siinply  do  not  exist  nearby,  help  is  tremendously  hindered.  Even  when  runways 
remain  opmi,  chaos  may  prevent  distributing  items  airlifted.  Such  conditions 
reportedly  existed  after  last  year’s  Managua  earthquake. 

“A  dirigible  could  carry  tor  thousands  of  miles  hundreds  of  thousands  ol 
pounds  of  supplies  and  deliver  them  directly  into  the  bands  of  survivors  and 
evacuees  without  depending  upon  usable  runways  or  airports.  It  could  take 
food,  water,  water  puriflers,  medicines,  tents,  sleeping  bags,  generators,  cmn* 
munications  equipment,  vehicles,  pumps,  demolition  gear,  and  even  bulldozers. 
In  hovering  flight  it  could  Intensely  illuminate  an  area  at  night  Cables  could 
carry  emergency  power  to  the  ground.  Using  the  airship  as  an  aerial  vantage 
point  experts  in  rescue,  flreflgbtlng,  demolition,  and  the  restoration  of  essen¬ 
tial  services  could  oversee  and  direct  activities-  To  play  its  role  in  disaster 
relief,  such  a  ship  must  be  specially  configured  to  contain  hospital  facilities, 
for  example.  Provided  the  payload,  speed,  range,  and  altitude  capability  to 
rapidly  reach  almost  any  inhabited  place  on  Earth,  it  will  almost  certainly 
comprise  the  most  technologically  advanced  airship  flying. 

“When  not  on  disaster  service,  it  could  improve  international  well-being 
many  other  ways.  Going  into  remote  regions,  it  could  seed  plants  from  the 
air  and  dust  crops.  In  areas  of  Africa  a&cted  by  locusts,  it  could  reach  and 
spray  the  breeding  area.  It  could  accurately  chart  land  use  and  hrip  evaluate 
its  management,  stock  inland  waters  with  fish  and  nutrients,  take  fishery 
surveys,  and  wildlife  censuses  and  track  the  migration  of  whales.  An  airship 
could  spray  or  literally  mop  up  large  oil  spills  at  sea  operating  above  and 
free  of  the  mess,  criss-crossing  the  spot  to  lay  down  chemicals  or  tow  booms 
or  other  devices  to  clean  the  surface. 

“This  vehicle  of  global  goodwill,  this  flying  symbol  of  American  or  inter¬ 
national  humanitarianism  could  take  well-equipp^  teams  of  geologists,  geode¬ 
sists,  biologists,  and  other  scientists,  also  engineers,  to  areas  of  interest  and 
deposit  them  for  in  situ  sampling,  exploration,  excavation,  and  construction. 
Archeological  expeditions  could  reach  their  destinations  this  way.  All  the 
while,  however,  the  ship  would  remain  equipped  and  ready  for  its  prime  mis¬ 
sion.  With  the  first  word  of  a  natural  calamity,  it  would  set  course  imme¬ 
diately  for  the  scene,  picking  up  the  needed  medical  and  other  specialists  on 
the  way  by  airplane  book-on. 

“A  similar  but  less  spectacular  role  can  also  be  visualized  for  airships  as 
airborne  versions  of  the  medical  ship  Sope.  Equipped  as  flying  clinics  and 
training  centers  and  routinely  bringing  health  care  and  instruction  to  the 
binteriands,  they  could  help  people  and  communities  beyond  the  direct 
reach  of  the  famous  humanitarian  vessel. 

“In  its  survey  operations  for  the  public  good,  the  dirigible  would  demon¬ 
strate  its  special  talents  for  remote  sensing.  Certain  frequencies  now  carry 
atmospheric,  o-^eanographic,  and  Earth-resources  radiometric  observations, 
because  they  arc  the  best  permitted  by  the  antenna-carrying  limitations  of 
today’s  air  an-i  .-jpace  craft.  The  airship’s  size,  stability,  and  low  vibration 
would  permit  carrying  environmental  and  geophysical  sensing  antennas  that 
would  open  up  a  new  world  of  frequencies  to  use.  Sensitivity,  gain,  and  reso¬ 
lution  should  improve  remarkably. 

“Oravitometers  and  magnetmueters,  trailed  if  necessary  to  remove  them 
frmn  the  effects  of  the  ship,  could  tw  carried  as  could  very  blgh-resolution 
cameras  and  laser  profilometers.  Remote-sensor  technologists  would  appreciate 
the  airship’s  ability  to  carry  on-board  processing  facilities.  They  could  iden¬ 
tic  questionable  results  while  the  ship  is  still  in  or  near  the  observing  area 
and  repeat  runs  using  the  same  or  different  instruments,  frequencies,  or 
spectral  intervals. 

“Current  technology  has  not  revised  the  WW  1  verdict  that  airships  make 
poor  combat  aircraft  It  would  permit  Improving  their  ability  to  survive  if 
attacked.  Damage  control  would  become  feasible  in  a  large  rigid  or  struc¬ 
tural  airship,  since  repair  parties  could  reach  its  frame,  engines,  and  gas 
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c^B  in  lllsht.  More  important,  it  conld  carry  aeif-detense  aids,  consisting 
of  early  warning  and  fire-control  radars,  anti-air  and  antimissile  missiles, 
also  other  connteimeasutes  soltable  to  the  threat-  Even  so,  prudent  operation 
must  keep  the  ship  out  of  situations  for  which  It  is  not  Intended.  The  ml- 
nerablUty  considerations  of  an  airship  do  not  differ  from  those  of  any  other 
military  vehicle,  be  it  troop  transport  or  aircraft  carrier.  Each  must  operate 
in  the  tactical  environment  for  which  its  designers  Intended  it  to  have  an 
acceptable  level  of  survivability. 

"The  airship's  ability  to  deliver  large  quantities  of  men  and  supplies  into 
remote  areas  with  little  or  no  ground  sunMnrt  gives  It  an  Important  military 
role. 

“But  it  has  a  much  more  significant  one  as  a  platform  for  ooson  turveilkmee — 
surface,  air,  and  underwater — for  sea  control.  Using  the  immensity  of  its 
sides,  an  airship  conld  fiy  a  phased-array  radar  with  the  power  and  perform¬ 
ance  to  mount  an  Intensive  watch  over  large  areas  of  the  ocean  surface.  Other 
sensors,  infrared  and  over-the-horizon  radar,  might  also  find  uses. 

“If  the  dlri^ble  conld  classify  detected  targets,  it  could  fire  alr-to-snrface 
weapons  at  unfriendly  onea  If  it  conld  not,  it  might  launch  its  own  aircraft 
to  daasify,  and,  if  necessary,  to  attack  them.  It  will  want  to  use  its  planes  too 
when  keeping  silent  its  own  high-powered  surveillance  radar  to  avoid  de¬ 
tection. 

"It  conld  carry  out  air  surveillance  in  a  like  manner  but  with  an  additional 
consideration.  If  friendly  forces  occupy  the  area  of  interest,  the  enemy  must 
not  be  allowed  to  conduct  aid  reconnaissance  there.  Denying  the  enemy  target¬ 
ing  intelligence  will  significantly  improve  the  survival  chances  of  frienda 
The  effectiveness  of  standoff  surface-to-surface  missiles  decreases  as  uncer¬ 
tainty  increases  about  the  location,  composition,  and  disposition  of  potential 
targets.  Some  cruise  missile  submarines  reportedly  receive  their  targeting 
data  fr<Mn  reconnaissance  aircraft.  Deprived  of  such  Information  they  must 
stay  close  to  acoustic  detection  range  where  they  have  much  more  diflicnlty 
locating  and  classifying  targets. 

"Air  surveillance  should  permit  the  airship  to  detect  cruise  missiles  in  flight, 
thus  giving  warning  of  attack  and  providing  it  the  opportunity  to  laundi  coun¬ 
ter  missiles  or  to  vector  interceding  aircraft.  As  for  submarine-launched  ballis¬ 
tic  missiles,  particularly  those  with  depressed  flight  trajectories,  the  forward- 
positioned  dirigible  can  improve  early-warning  time  and  serve  as  a  platform 
from  which  to  fire  counter  weapons  while  the  missiles  pass  through  their 
boost  phase  when  their  low  speed  and  large  infrared  signature  tend  to  make 
them  vulnerable. 

“For  underwater  surveillance,  the  airship  could  emplace  large  fields  of 
moored  sonar  buoys,  monitor  them,  classify  and  correlate  detectlonA  and 
vector  forces  to  localize  and  attack  unMendly  submarines.  The  dirigible 
Itself  could  carry  antisubmarine  warfare  (ASW)  support  forces  made  up  of 
aircraft  or  remotely  piloted  vehicles  (RPT).  Buoys  that  fail  or  break  away 
wotdd  be  recovered,  replaced, '  and  repaired,  if  necessary,  in  on-board  main¬ 
tenance  facilities.  The  ships  conld  retrieve  and  redeploy  entire  buoy  firida 

‘"rhe  airship  could  also  tow  horizontal  linear  passive  sonar  arrays,  de¬ 
signed  with  an  extremely  large  aperture,  essentially  to  the  limits  of  the  sea 
environment.  Screw  and  hull  noises  would  no  longer  interfere  with  listening, 
and  sweep  rates  and  other  performance  aspects  could  improve.  Subsurface 
arrays  towed  by  airships  seem  specially  suited  to  maintain  surveillance  over 
potentially  unfriendly  ballistic  missile  submarines. 

"The  Navy  is  r^lacing  dedicated  ASW  aircraft  carriers  by  the  CV  with 
its  mixed  complement  of  ASW  and  attack  aircraft.  The  airship  could  bring 
abont  a  return  to  a  single-mission  ASW  carrier,  and  most  important  from  a 
logistic  and  operational  viewpoint,  without  needing  accompanying  destroyers 
or  underway  replenishment  groups, 

"Finally,  the  airship  appears  eminently  qualified  to  serve  as  the  central 
command  post  and  operational  control  center  for  a  designated  sector  of  open 
ocean.  It  has  the  size  to  house  the  most  sophisticated  communication  equip¬ 
ment,  computers,  and  analysis  and  display  equipment  required  by  a  major 
fieet  command.  Its  mobility  would  permit  the  area  commander  to  remain  liter¬ 
ally  ‘on  top’  of  the  situation. 

“The  dirigible  conld  and  should  play  other  significant  roles  but  space 
does  not  allow  discussing  them  here.  Oceanographic  work  for  one.  Use  as 
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a  aiovable  VU*  antmaa  for  commonleatinK  with  aobmarinea  for  anotber.  A 
carrier  and  mother  ship  to  Deep  Submergence  Beecue  Vehicles  for  still  anotber. 

“The  Soviets  reporte^y  have  an  interest  in  using  airships  to  deliver  to  the 
Siberian  interior  wh(de  prefabricated  buildings  and  completely  assembled 
heavy  eQUlpmoit,  and  to  bring  out  the  region’s  natural  wealtb  on  the  return 
flight  In  libirch  1873  the  Russian  popular  magailne  Sputnik  contained  two 
articles  on  the  snbject  One  stated  that  14  Soviet  institntitms,  including 
some  government  ministries,  favor  the  building  of  large  airships.  The  U.S. 
and  USSR  have  formal  cooperative  programs  in  space,  including  a  renedesvons 
in  orbit  A  new  bilateral  agreement  this  time  for  the  mutual  development 
of  airship  transportation,  would  strengthen  technical  collaboration  between 
the  two  natimia.  The  Administration  in  its  desire  to  see  trade,  understanding, 
and  friendship  developed  between  the  U.S.  and  USSR,  might  well  consider 
the  airship  as  a  tool  toward  realising  that  goal. 

“In  addititm,  the  government  should  look  deeper  into  the  ‘disaster  relief  air¬ 
ship.'  Creating  it  as  a  major  international  ^ort  with  internationally  shared 
fnncllag  seems  a  ‘natural’  as  does  operation  under  United  Nations  auspices. 

“While  discussing  the  dirigible's  international  future,  let  us  not  forget 
Japan.  Geographically  isolated  and  dependent  upon  overseas  commerce,  the 
industry  of  that  energetic  country  that  produces  the  world’s  largest  tankers 
may  suddenly  discover  in  the  airship  the  means  to  transport  manufactured 
goods  rapidly  and  In  bulk  to  Western  Europe  and  South  America.  The  dis¬ 
covery  could  work  either  to  the  distinct  advantage  or  disadvantage  of  the 
U.8.  aerospace  industry. 

“How  much  will  It  cost  to  build  a  futtp-equipped  operational  prototype  to 
do  some  of  the  tasks  described  above? 

“Naturally  that  answer  depends  upon  the  slae,  performance,  mission,  and 
type  of  construction.  Also  upon  the  extent  to  which  major  subsystems  (power- 
idants,  for  example)  already  exist  and  need  not  be  specially  developed.  And 
upon  the  nature  and  extent  of  structural  testing  required  (a  large  airship 
and  a  ‘Jumbo  Jet’  might  receive  quite  different  treatment  in  this  regard). 
Estimates  for  such  a  prototype  range  from  as  low  as  fllOO  million  to  as  high 
as  |B00  million,  wltii  follow-ons,  of  course,  substantially  lesa  Six  cargo  air¬ 
ships,  each  12,000,000  cm  ft  and  of  modernised  conventional  rigid  airship 
design,  could  cost  about  826  million  a  copy. 

“But  first,  a  training  airship  must  be  constructed.  Exceptionally  thorough¬ 
going  flight  and  ground-handling  proficiency  building  programs  must  forestall 
operating  inexperience,  a  major  cause  of  the  ligbter-tban-air  accidents  of 
yesteryear.  Simulators  will  help  but  they  are  not  enough.  The  expertise  and 
skills  of  flying  large  dirigibles  have  to  be  revived,  starting  anew.  Before  a 
crew  can  take  over  a  large  operational  airship,  it  must  at  the  very  least  have 
received  a  checkout  In  a  smaller  ship — probably  of  about  S-million  cu.  ft 

“This  training  ship  would  cost  perhaps  $60  million.  It  need  not  carry  the 
advanced  electronics  and  other  special  features  required  by  the  operational 
bhips.  Constructing  such  a  ship  Inside  one  of  the  half-dosen  dirigible  hangars 
still  standing  in  the  U.S.  would  take  about  three  years. 

“Providing  a  training  airship,  an  operational  prototype,  and  qualified  crews 
would  probably  cost  too  much  for  any  private  organisation.  Government  sup¬ 
port  seems  almost  certainly  required,  particularly  if  the  aerospace  industry 
perslsta  in  some  of  its  costly  ways  of  doing  things  (often  at  the  insistence 
of  the  govemmmit  Its^).  The  6.6-million-cu.  ft  Akron,  an  operational  proto¬ 
type,  cost  $6.4  million  and  its  sister  ship,  Macon,  $2.6  million.  These  two 
dirigibles,  representing  perhaps  America’s  single  most  ambitious  aircraft 
construction  project  of  the  late  19208  and  early  1930b  were  built  by  a  con¬ 
tractor’s  engineering  group  that  including  draftmen,  numbered  no  more  than 
about  60  persona.  ’Ihe  Navy’s  highly  sncc^sful  ZMC-2  metaldatU  a  radically 
different  developmental  airship  prototype  involving  new  materials,  design, 
and  construction  techniques,  was  engineered  by  a  staff  of  a  half-dosen.  How 
many  scores  or  hundreds  would  work  on  that  same  Job  today? 

“l^lcb  agency  might  provide  tbe  support?  The  Coast  Guard,  Environmental 
Protection  Agency,  (Geological  Survey,  Atomic  Energy  Commission,  Arms  Con¬ 
trol  and  Disarmament  Agency,  National  Oceanic  and  Atmospheric  Admin¬ 
istration,  and,  of  course,  the  Maritime  Administration  all  have  programs  and 
missions  that  would  benefit  from  large  airships.  Individually,  none  of  these 
Federal  agencies  would  likely  underwrite  develoiwient  alone.  But  they  could 
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pool  their  reqntieniente  and  resonrces  and  sponsor  the  ship  collectively.  One, 
however,  must  take  the  lead. 

“The  Defense  Department  could  obtain  the  resonrces  to  besin  a  comprehen¬ 
sive  airship  program.  Despite  the  military  api^cations  described  earlier, 
DOD  has  so  far  shown  little  interest.  If  it  does,  an  Air  Force  or  Navy  airship 
program  could  lay  the  foundation  for  nonmilitary  usage  and  designs. 

“NASA  has  apparently  no  more  Interest  in  airships  than  does  DOD. 

“Tet  the  airship  offers  a  vast  potential  for  services,  applications,  and  uses 
important,  even  critical,  not  only  to  the  U.S.  but  also  to  the  world.  It  would 
have  a  measurable  impact  on  the  balance  of  trade,  scientific  progress,  na¬ 
tional  defense,  and  IntematiDnal  hnmanltarianlsm.  It  offers  as  mnoh  as  did 
the  S8T— perhaps  even  more — an  opportunity  for  engineering  creativity,  tech¬ 
nological  advancement,  and  management  innovation.  Building  a  dirigible 
differs  from  building  an  airplane.  To  revive  airships,  we  mnst  make  a  new 
technological  start  And  in  so  doing,  we  can  also  make  s  new  managerial  etart, 
something  much  longed  for  by  those  caught  up  in  the  way  of  doing  tbines 
that  has  evolved  since  WW  II.  Building  a  dirigible  can  be  used  by  astute 
managers  in  government  and  Industry  to  reverse  the  trend  toward  ever  more 
costly  and  more  dilBcnlt  to  control  aerospace  programs. 

“Will  the  airship  be  revived?  Almost  certainly  it  will  but  not  until  its 
technical  and  operational  merit  has  become  more  widely  recognised  and  the 
subject  itself  given  more  professional  attention. 

“The  time  table  could  change  overnight  if  the  Office  of  Management  and 
Budget  concluded  that  airships  can  substantially  or  uniquely  contribute  to  the 
Administration’s  goals  at  home  and  overseas.  An  OMB  recommendation  to 
devdop  this  environmentally  clean  and  attractive  vehicle  for  its  conunercial, 
scientific,  defense,  utilitarian,  and  global  good-will  value  is  what  is  really 
needed. 

“There  is  no  question  about  whether  the  dirigible  will  return,  but  when. 
And  that  depends  on  how  rapidly  an  awareness  of  its  potential  can  be  con¬ 
veyed  to  the  Executive  Branch,  Congress,  the  military,  the  scientific  commu¬ 
nity,  industry,  and  the  public.’’ 


[Reprinted  from  Congresalonal  Record.  Hay  20,  1974] 

Senatob  Gouwatex  on  Aibshifs 

Mr.  BABTUrtT.  Mr.  President,  on  May  18,  the  distinguished  ranking  minor¬ 
ity  member  of  the  Aeronautical  and  Space  Sciences  Committee  addressed  the 
36th  annual  meeting  of  the  Avlation/Spece  Writers  Association  in  Washing¬ 
ton,  D.C.  His  subject  was  “Airships?” 

The  Senator  from  Arizona  said  that  transportation  problems  in  the  United 
States  may  shortly  become  so  critical  that  the  Nation  will  have  to  look  at 
dirigible-type  airships  to  help  ease  the  crunch. 

Moreover,  he  told  bis  audience  some  of  the  thoughts  that  occurred  to  him 
in  the  wake  of  the  energy  crisis  and  the  shortage  of  boxcars  and  transporta¬ 
tion  problems  that  are  allUcting  a  growing  and  more  demanding  population. 
This  speech  raises  an  important  question  for  the  future  of  the  Nation  and  I 
commend  it  to  my  colleagues. 

Mr.  President,  I  ask  unanimous  consent  that  the  remarks  of  the  distin¬ 
guished  Senator  from  Arizona  be  printed  in  the  Record. 

There  being  no  objection,  the  statement  was  ordered  to  be  printed  in  the 
Record,  as  follows; 

“AnSHIFS? 

“Thank  you  for  inviting  me  to  speak  before  the  36tb  Annual  meeting  of  the 
Aviation/Space  Writers  Association.  It  is  a  great  feeling  to  be  among  so 
many  friends. 

“Over  the  past  36  years  there  has  been  a  lot  to  write  about: 

“Aviation  played  a  decisive  role  In  a  global  war. 

“Routine  idr  travel  was  established  across  the  oceans  and  around  the  world. 

“The  sound  barrier  was  broken  and  supersonic  fiight  became  routine. 

“And  man  set  toot  on  the  moon. 

“The  advancement  in  technology  has  been  staggering  and  the  benefit  to 
mankind  Incalculable.  11)0  writing  professions  have  been  an  Integral  and 
necessary  part  of  this  saga. 


“TMa  morning  I  would  like  to  share  a  few  thoughts  with  yon  concerning 
alrahlpe. 

“During  the  past  year,  there  has  been  renewed  Interest  in  blimps,  dirigibles 
and  hybrids.  It  miilit  be  called  a  lighter-than-alr-boom.  Articles  have  ap¬ 
peared  In  large  circulation  magasines  and  in  specialised  professional  and 
trade  magaainee.  The  term  ‘Helium  Horse’  was  coined. 

“A  growing  awareness  of  ecological  and  energy  problems  in  transportation 
may  be  partly  responsible  for  this  resurgence.  A  sentimental  Jonmey  by  Amer¬ 
icans  back  to  the  decade  of  the  1830’s  may  have  contributed.  And,  then,  there 
Is  man’s  natural  desire  to  find  better  ways  of  doing  things. 

’’At  the  outset,  we  must  recognise  technical  problems  which  are  generally 
common  to  lighter-than-alr  vehMes;  First,  there  is  the  basic  problem  of 
mooring  a  neutrally  buoyant  vehicle.  Second,  ballasting  requirements  during 
load  transfers.  Third,  the  fact  the  aerodynamic  thrust  Is  small— compared 
to  potential  gust  loading— and  is  generally  not  vectorable  for  adequate 
station-keeping. 

“Let  ns  have  a  look  at  some  of  the  apparent  advantages  of  airships  as 
compared  to  conventional  aircraft: 

“1.  Ontslied  and  heavy  payloads  can  be  lifted. 

“2.  Less  pollution  resulting  from  lower  power  requirements. 

“3.  Public  annoyance  reduced  through  low  noise  levels. 

“4.  Stay  aloft  for  extended  periods  of  time. 

“5.  Operate  where  there  are  no  airports. 

“3.  Hover  for  extended  periods  of  time  especially  In  a  hybrid  mode  com¬ 
bining  static  and  dynamic  lift 

“7.  Safety  resnltlng  from  siseable  mass  and  slow  speeds.  The  foregoing 
characteristics  suggest  some  intriguing  applications. 

“The  Navy  could  certainly  use  airships  for  improved  anti-submarine  capa¬ 
bility.  Airships  have  a  much  better  station-keeping  ability  than  the  conven¬ 
tional  aircraft  now  used  for  submarine  detection.  Moreover,  the  airship  could 
overtake  or  outdistance  existing  nuclear  submarines,  which  most  naval  sur¬ 
face  vessels  are  unable  to  do. 

“The  Air  Force  might  use  a  fleet  of  airships  as  a  launching  platform  for 
intercontinental  ballistic  missiles  with  the  obvious  advantages  of  dispersal 
and  station-keeping. 

“The  civilian  economy  might  be  helped  by  the  ability  of  the  airship  to  carrv 
huge  and  outsised  payloads.  Entire  homes  and  buildings  might  be  moved 
from  factory  to  construction  sites.  Whole  tree  farming  could  become  a 
reality.  Heavy  machinery  for  oil  well  drilling  could  be  lifted  to  remote  areas. 

“Within  the  past  few  days,  the  Navy  let  a  contract  for  $86,000  to  the  All 
American  Engineering  Company  of  Wilmington,  Delaware  to  study  a  concept 
known  as  the  Aerocrane. 

“Aerocrane  is  a  hybrid  vehicle  which  looks  like  a  spherical  balloon  with 
four  rotors  attached  80  degrees  apart.  The  balloon  part  of  Aerocrane  has  a 
diameter  of  160  ft.  Each  rotor  Is  112  ft.  long.  On  each  rotor  there  Is  a  turbo¬ 
prop  engine  developing  1260  horsepower. 

"The  entire  vehicle  turns  at  10  revolutions  per  minute  with  a  tip  speed  ol 
186  ft.  per  second.  Forward  operational  speed  would  be  a  maximiun  of  about 
82  miles  per  hour.  Favorable  weather  coi^itions  are  required. 

“Aerocrane  Is  said  to  combine  the  advantage  of  static  and  dynamic  lift,  and 
the  small  version  would  be  able  to  lift  a  60-ton  sling  load.  A  later  stretch 
version  would  be  able  to  lift  as  much  as  200  tons. 

“The  Navy  believes  a  vehicle  like  Aerocrane  could  help  with  small  craft 
and  aircraft  salvage,  ship  repair,  submarine  rescue  operations,  amphibious 
assault,  and  harbor  Improvement.  Navy  planners  have  to  take  into  account 
political  instability  In  much  of  the  world,  which  can  make  the  future  avail¬ 
ability  of  a  specific  port  questionable. 

“Since  1872  Aerospace  Developments.  Ltd.  of  London  has  been  working  on 
a  giant  airship  under  contract  to  the  Shell  Oil  Company. 

“When  I  say  giant.  I  mean  an  airship  1800  feet  long,  300  feet  In  diameter, 
and  with  a  100  million  cubic  feet  caimcity.  (I  don’t  know  who  started  the 
rumor  that  the  British  think  small.) 

“The  purpose  of  this  vehicle  would  be  to  transport  natural  gas  In  a  gaseous 
8tat& 

“I  understand  that  Shell  Oil  Company  Is  satisfied  with  the  economics  of 
this  airship.  As  you  no  doubt  know,  the  cost  of  a  liquid  natural  gas  plant  Is 
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upwards  of  $100  million.  The  cost  of  a  liquid  natural  gas  plant  Is  upwards  of 
$480  million.  Wbmi  yon  combine  the  ship  and  the  plant  costs  Shell  believes 
the  airship  will  show  a  savings  of  at  least  80%. 

“Nationalisation,  the  threat  of  nationalisation,  and  political  instability  are 
making  the  oil  companies  reluctant  to  make  capital  Investments  where  these 
conditions  exist.  A  giant  natural  gas  airship  is  a  neat  solution. 

“Shell’s  determination  is  simply  demonstrated  by  its  instructions  to  Aero¬ 
space  Develoimienta.  These  instructions  say  in  effect:  Keep  going  until  yon 
run  Into  a  tedinlcal  problem  yon  can’t  solve. 

“In  1073,  ^ere  were  40  nuclear  power  plants  in  operation.  According  to  one 
Industry  estimate,  there  will  be  180  units  in  1080,  and  the  curve  will  rise  to 
1000  units  by  the  year  2000. 

“In  the  past,  nuclear  power  plants  had  to  be  located  near  la^  bodies  of 
water  for  cooling  purposes.  With  Improved  cooling  tower  technology,  nuclear 
power  plants  can  now  be  located  away  from  lakes  or  rivers. 

“But,  there  is  a  transportation  problem.  Cmnponents  in  the  60-400  ton  range 
must  be  moved  from  the  factory  to  the  plant  site.  Where  the  components  can 
be  barged  by  water  all  is  fine,  but  what  happens  If  the  plant  site  Is  Inland? 

“It  is  a  fact  that  Combustion  Engineering  of  Hartfond.  Connecticut  has 
entered  Into  an  agreement  with  a  large  aerospace  company  to  jointly  stndy 
the  airship  as  a  way  of  moving  large  nuclear  plant  components. 

“Clearly  commercial  markets  for  airships  can  be  Identified — markets  where 
there  is  a  need  to  move  large,  bulky  cargo. 

“There  may  be  another  market — one  that  Is  hard  to  Identify.  But  ask  your¬ 
self  this  question: 

“How  many  of  the  things  we  manufacture  are  limited  by  constraints  which 
we  take  for  granted? 

“I  don’t  mean  to  tell  this  audience  about  the  weight  and  size  limitations  of 
air  cargo. 

“But  let's  take  a  look  at  the  more  mundane  surface  transport  constraints. 

“If  yon  are  moving  cargo  on  a  railroad,  you  are  limited  by  the  size  of  a 
flatcar  which  is  88  ft.  4  in.  long  by  10  ft.  8  in.  wide. 

“Moreover,  your  railroad  flatcar  has  to  go  through  underpasses  that  are  22 
ft  high  by  16  ft.  wide.  But  that’s  not  all.  Tour  cargo  will  have  to  pass 
through  railroad  tunnels  that  have  a  vertical  wall  height  of  18  ft.  7/8  in. 
to  which  yon  can  add  6  ft  at  the  arch  center. 

“If  you’re  moving  cargo  by  truck  yon  are  going  to  be  confronted  by  14  ft 
underpasses  near  cities  and  16  ft  underpasses  in  outing  areas.  Moreover, 
ynn’U  find  width  constraints  averaging  12  ft.  depending  upon  the  areas. 

“Nearly  everything  that  flies  from  an  airport  is  subject  to  the  same  con¬ 
straints. 

"It  doesn’t  take  much  Imagination  to  see  what  might  happen  to  the  economy, 
if  the  weight  and  size  constraints  built  into  our  surface  transportation  system 
were  removed. 

“There  are  only  two  ways  to  get  around  the  underpass  and  tunnel  problem : 
barge  and  aircraft. 

“Fnrtber,  ask  yourself  this  question:  How  are  we  going  to  build  houses, 
plpellne«.  power  plants,  oflke  buildings,  ten  or  fifty  years  from  now? 

“I  don’t  think  we  will  be  building  bouses  by  attaching  lumber,  nails,  pipe, 
and  siding  at  the  building  site — and.  then  putting  it  all  together  piece  by  piece. 

“Again,  part  of  the  answer  has  to  be  aviation. 

"While  airships  have  been  enjoying  renewed  Interest  especially  in  the  past 
year,  it  behooves  the  prudent  to  cast  a  wary  eye. 

“Airships  have  both  technical  and  political  problems. 

"ITie  technical  problems  Involve  first  of  all  economics  which  don’t  appear 
to  be  fully  understood  today,  or  at  least,  not  by  me.  For  example,  I  have 
heard  cost  per  ton  mile  figures  ranging  on  the  low  side  from  one  cent  to  48 
cents  on  the  high  side.  There  seems  to  be  a  very  definite  need  to  refine  eco¬ 
nomics  of  airship  transportation. 

“On  the  engineering  side,  there  are  problems  concerning  materials,  attitude 
control,  and  landing. 

“When  the  HindenbMrt  landed  at  LakAurst,  New  Jersey,  on  May  6,  1937, 
a  ground  crew  of  230  men  was  needed — most  of  them  to  handle  mooring  lines. 
I  doubt  that  this  method  of  landing  would  be  acceptable  In  1974,  because  of 
the  huge  cost  involved — not  to  mention  constemarion  among  the  next  of  kin. 
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“And  tbe  bureaucrats  who  administer  the  Occupational  Safety  and  Health 
Act  would  have  a  field  day. 

“On  the  political  side,  or  if  you  prefer,  the  PR  side,  there  are  two  factors 
that  stand  out: 

“First,  the  poor  reputation  of  dirigibles  resulting  from  what  might  be  called 
the  Hindenburg  syndrome. 

“Second,  what  might  be  termed  the  giggle  factor — which  means  what 
happens  to  you  when  you  mention  dirigibles  to  those  who  think  they  won’t 
work. 

"The  picture  of  the  Hindenburg  going  up  In  fiames  is  firmly  etched  in  the 
memory  of  anyone  old  enough  to  have  seen  the  newspaper  pictures.  It  was  a 
terrible  disaster,  but  as  you  know,  it  resulted  from  tbe  fact  that  the  Germans 
had  to  use  hydrogen  for  lift. 

“Detractors  of  lighter-than-air  technology  point  out  that  the  zeppelin  had 
great  dlflSculty  in  operating  in  foul  weather.  They  correctly  point  out  that 
success  of  the  zeppelin  was  as  much  a  result  of  the  high  quality  of  the  skip¬ 
pers  as  of  the  craft’s  essential  airworthiness. 

"But,  let  us  look  at  the  other  side  of  the  coin : 

“The  Zeppelin’s  skipper  had  no  on-board  weather  radar. 

“He  couldn’t  take  advantage  of  space-age  weather  forecasting. 

“His  airship  was  under-powered. 

“He  had  to  have  a  crew  continually  adjusting  and  repairing  his  craft. 

“He  was  denied  the  safety  of  helium. 

“With  modern  materials,  avionics,  and  propulsion — unknown  in  the  zeppelin 
days — I  believe  a  dirigible  could  be  built  that  would  be  at  least  as  safe  as 
existing  fixed-wing  aircraft.  Economics  is  the  driving  consideration. 

“The  ‘giggle  factor’  is  harder  to  counter,  because  it  is  based  on  a  gut  re¬ 
action. 

“I  can  understand  why  some  people  feel  that  blimps  are  ludicrous.  They 
are  big,  and  they  are  slow. 

“To  some  extent,  the  ‘giggle  factor’  la  abetted  by  those  who  have  a  romantic 
Interest  in  lighter-than-air.  Some  exaggerated  claims,  backed  by  skimpy  tech¬ 
nical  information,  have  been  made  for  dirigibles. 

“For  example,  I  don’t  see  the  United  States  government  or  private  industry 
financing  a  R  A  D  effort  in  airships  to  take  passengers  on  moonlight  cruises 
up  the  Amazon  River.  On  the  other  hand,  the  romantics  have  proposed  that 
large  airships  could  be  used  to  take  entire  hospitals  to  disaster  areas.  That 
strikes  me  as  an  idea  worth  considering. 

"If  passenger  airships  ever  come  about,  I  believe  it  will  be  an  adaptation 
of  an  airship  developed  for  other  purposes. 

“Meanwhile,  let’s  not  kick  the  romantics  around.  The  tremendous  strides 
made  in  aviation  is  partly  attributable  to  their  dreams — without  their  dreams 
it  might  never  have  hastened. 

“Airships  deserve  a  second  look  for  the  promise  they  hold  in  meeting  real 
transportation  needs.  If  our  national  aeronautical  R  &  D  effort  is  to  merit 
public  support,  part  of  the  effort  must  be  devoted  to  meeting  the  dlscernable 
everyday  needs  of  people. 

“If  our  Nation  has  a  chronic  boxcar  shortage,  what  can  aviation  do  about  it? 

“If  better  and  more  efficient  methods  of  distributing  goods  are  needed,  how 
can  aviation  help? 

“A  clue  in  solving  our  transportation  problems  may  be  found  in  looking  at  the 
total  system.  What  are  the  choke  points?  What  are  the  artificially  created  con¬ 
straints?  What  needs  to  be  done  to  overcome  them? 

“In  the  overall  picture,  airships  are  likely  to  be  only  a  part  of  the  future 
aeronautical  RAD  required  by  the  Nation.  To  meet  our  future  needs : 

“We  must  push  advanced  propulsion. 

“We  must  build  modern  aeronautical  research  facilities. 

“We  must  pursue  research  in  supersonic  and  hypersonic  aircraft. 

“We  must  put  as  much  emphasis  on  perfonnance  as  we  do  on  pollution 
and  noise. 

“The  economic  and  spiritual  well-being  of  the  Nation  demand  that  we  push 
the  frontiers  of  knowledge  and  technology.  Through  our  renewed  commitment 
to  doing  a  better  job,  we  can  assure  a  healthy  aerospace  industry. 

“Most  Important  of  all,  we  can  provide  a  better  and  fuller  life  for  all 
Americans. 

“Thank  yon.” 
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[Reprinted  from  Congreuional  Record,  Majr  29,  1974] 

The  Indebtbuctiblb  Buhp 

Mr.  OoLOWATEB.  Mr.  President,  as  a  result  ot  an  address  1  made  to  the  36th 
annual  meeting  of  the  Avlatlon/Spece  Writers  Association  concerning  air¬ 
ships,  some  mall  has  been  coming  into  m;  office  on  this  subject. 

The  most  unusual  letter  came  from  Lt.  Comdr.  GUlis  Cato,  Jr.,  TJ.8.  Nar; 
Reserve,  retired.  He  took  part  in  a  blimp  trip  that  can  only  be  described  as 
Incredible.  In  a  period  of  about  2  days,  he  crash  landed  three  times:  Into 

Lake  Pontchartraln,  on  top  of  an  automobile,  and  in  a  forest.  Moreover,  his 
airship  managed  to  knock  out  the  entire  power  system  of  Houma,  La. 

Lieutenant  Commander  Cato's  narrative  demonstrates  one  Important  point 
about  airships;  Their  Inherent  safety. 

Mr.  President,  I  ask  unanimous  consent  that  the  Cato  correspondence  be 
printed  In  the  Record. 

Theire  being  no  objection,  the  correspondence  was  ordered  to  be  printed  in 
the  Record,  as  follows: 

OcEAit  Sfsinqs,  Miss., 

May  IS,  19H. 

"Hon.  Babbt  Gomwateb, 

“U.8.  Senate,  Washington,  D.C. 

“Dbab  Se.vatob  Goidwatbb:  A  couple  of  days  ago  I  heard  a  commentator 
state  that  ‘Senator  Goldwater  Is  now  advocating  the  building  of  dirigibles.’ 

“This  was  said  very  much  tongue  In  cheek.  I  do  not  believe  be  would  have 
been  so  flippant  if  he  had  taken  the  time  to  have  looked  up  a  few  facts  on 
lighter  than  air  transportation. 

‘‘I  believe  my  background  quallfles  me  in  some  small  way  to  comment. 
Briefly  it  is  as  follows; 

“During  world  war  two  I  was  assigned  to  lighter  than  air  after  I  was  thor¬ 
oughly  grounded  In  the  ways  of  airplanes.  This,  of  course,  was  to  be  ex¬ 
pected.  Naturally  this  did  not  endear  me  to  bUmps.  However,  after  a  thor¬ 
ough  study  of  them  at  Lakehurst,  N.J.  I  was  then  assigned  as  engineering 
officer  to  commission  the  station  at  Hitchcock,  Texas,  after  which  I  was  sent 
to  Rio  as  engineering  officer  In  charge  of  LTA  over-haul  for  the  whole  At¬ 
lantic  area  from  Trinidad  to  Rio.  As  you  may  imagine,  I  had  plenty  of  time  and 
opportunity  to  become  thoroughly  acquainted  with  all  of  the  vagaries  of  LTA. 
One  of  my  very  flrst  assignments  upon  reaching  Brasil  was  to  salvage  a 
blimp  which  had  smashed  headon  into  a  mountain  about  a  hundred  miles 
north  of  Rio.  Having  had  considerable  experience  with  the  unpleasant  details 
of  salvaging  airplanes,  you  can  Imagine  my  surprise  .when  I  found  that  of  the 
whole  crew  the  worst  injury  consisted  of  a  sprained  ankle.  My  respect  for 
LTA  began  to  grow. 

“While  In  Hitchcock,  Texas,  I  had  a  chief  whose  name  was  Hamilton.  He 
was  on  one  of  the  dirigibles  which  came  apart  earlier  and  much  before 
world  war  two.  He  told  me  In  detail  exactly  what  happened.  He  said  that 
for  no  reason  at  all  the  pilot  flew  the  ship  directly  into  a  very  severe  thunder- 
head.  This  is  something  you  avoid  even  with  a  707.  He  then  told  me  that  he 
believed  that  even  then  they  would  have  made  it  except  that  these  dirigibles 
which  had  been  made  in  Germany  by  people  who  knew  their  business,  had 
been .  drastically  altered.  It  seems  that  the  Germans  put  a  very  strong  and 
rigid  keel  in  each  of  the  dirigibles  they  built.  An  Admiral  who  shall  be  name¬ 
less  decided  that  he  knew  more  than  the  Germans  and  that  in  order  to  save 
weight,  had  the  keels  removed  from  all  the  dirigibles  the  Germans  had  de¬ 
signed  and  built.  The  results  are  too  well  known  to  dwell  on  here.  However, 
It  is  most  noteworthy  to  observe  that  even  when  these  ships  broke  apart 
several  thousand  feet  in  the  air,  few  of  the  people  were  killed,  by  comparison 
with  any  airplane  in  like  circumstances  in  which  nobody  would  possibly  sur¬ 
vive.  The  Chief  told  me  that  he  and  many  of  the  men  with  him  floated  down 
to  the  sea  in  the  after  end  of  the  ship  due  to  the  compartmentation  of  the 
gas  bags  which  provided  the  lift.  There  was  no  fire  and  no  explosion. 

“Much  has  been  made  of  the  burning  of  the  Graf  Zeppelin. 

‘"There  was  one  reason  and  one  only  why  this  ship  burned.  Hydrogen. 

“If  we  had  given  the  Germans  helium  I  would  not  be  surprised  if  the  shlii 
were  still  flying.  Very  little  is  said  of  the  flights  this  ship  made  at  a  time 
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when  we  were  still  flying  biplanes.  She  very  casually  roamed  all  over  the 
world  with  no  danger  or  even  an  untoward  Incident.  Proof  that  the  Germans 
thought  they  had  something  big  lies  In  the  fact  that  they  built  a  huge 
hangar,  very  permanent  construction,  Just  outside  Rio.  I  used  this  hangar  al) 
the  time  I  was  stationed  there. 

“l^Wle  engineering  officer  in  Brasil,  I  had  many  chances  to  observe  some 
unbelievable  trips  that  these  craft  made  that  served  to  demonstrate  their 
toughness.  My  job  demanded  that  1  fly  these  ships  at  least  twice  a  week  and 
It  was  after  a  couple  of  trips  in  them  that  it  dawned  upon  me  that  if  a  person 
wanted  to  fly  that  was  the  way  to  go.  The  advantages  are  obvious: 

“Enough  speed  to  go  any  place,  but  slow  enough  to  see  everything  there  is 
to  see,  which  Is  why  most  people  travel  anyway. 

“No  need  to  fly  thirty  thousand  feet.  Fly  two  hundred  If  you  choose  in 
perfect  safety  and  with  unparalleled  visibility. 

“Comfort;  plenty  of  room  to  move  about,  even  in  a  blimp.  In  a  dirigible 
room  enough  to  run  a  footrace. 

“As  to  Are;  it  is  obvious  that  the  only  sensible  power  for  a  dirigible 
would  be  diesel  engines  with  fuel  that  is  hard  even  to  set  fire  with  a  match. 

“While  in  the  service  I,  with  the  aid  of  others  in  the  engineering  depart¬ 
ments,  worked  out  various  designs  for  rigid  ships.  I  believe  that  a  flexible 
frame  is  easily  possible  which  would  save  weight  and  at  the  same  time  be 
able  to  give  when  the  occasion  arises.  An  interesting  side  note:  If  a  LTA 
craft  is  caught  in  a  150  knot  wind  a  person  can  lean  out  the  window  and 
hold  a  lighted  match.  The  reason  of  course  is  that  it  travels  with  the  wind 
instead  of  flghting.  Makes  for  a  some  what  longer  but  very  interesting  and 
safe  trip.  Try  letting  a  747  drift  with  the  wind. 

“I  am  enclosing  a  copy  of  an  absolutely  true  trip  I  personally  took  in  a 
blimp.  I  wrote  this  up  for  a  few  friends  after  telling  them  about  it.  I  be¬ 
lieve  It  will  serve  very  well  in  demonstrating  the  indestructabillty  of  a 
LTA  craft. 

“I  sincerely  hope  that  you  were  not  being  facetious  when  you  mentioned  the 
construction  of  a  rigid  airship. 

“Nothing  would  ^ve  me  more  pleasure  than  to  be  able  to  use  some  of 
the  knowledge  I  have  accumulated  about  LTA  and  to  be  associated  with 
such  a  project. 

“Very  truly  yours, 


“Gillib  Cato,  Jr., 

Lieutenant  Commander,  VSJiR,  retired." 


“The  IzroESTBCCTiBu:  Bump 

"It  was  only  natural  that  after  enlisting  in  the  Navy  in  1942  with  a  thor¬ 
ough  knowledge  of  airplanes,  that  I  would  be  sent  to  Lakehurst,  New  '^ersey 
to  become  profleient  in  blimps. 

“After  a  few  months  there  1  was  made  engineering  officer  of  the  Hitchcock 
Naval  Air  Station,  Hitchcock,  Texas.  Following  the  usual  trials  and  tribula¬ 
tions  of  getting  a  station  commissioned,  we  were  soon  in  the  business  of 
flying  the  big  airships  on  submarine  patrols. 

“One  night  about  twelve  o’clock  I  was  called  to  the  base  to  find  that  we 
had  apparently  lost  three  blimps.  Frantic  radio  and  radar  search  finally 
located  and  guided  two  of  these  back  to  the  base.  The  third  kept  calling  and 
saying  he  was  west  of  the  field  and  drifting.  He  finally  got  out  of  radio 
range  and  we  all  sat  about  eating  fingernails  and  coffee.  At  nine  the  next 
morning  we  received  a  call  from  a  civilian  at  Starkvllle,  Mississippi,  who 
stated  that  the  blimp  had  landed  there  in  a  field,  re-fueled  with  a  regular 
gas,  and  took  off  after  asking  him  to  call.  He  stated  that  the  blimp  was  at 
that  moment  circling  the  city  of  Starkvllle. 

“We  took  a  crew  In  a  Liberator  and  headed  northeast,  not  west,  to  find  our 
hlimp  calmly  going  round  and  round  the  Mississippi  State  University.  1  was 
riding  in  the  nose  and  signalled  them  to  follow  ns  to  Columbus,  Mississippi, 
air  base,  inasmuch  as  I  had,  before  joining  the  Navy  lived  at  Greenville,  Miss., 
this  whole  country  was  as  familiar  to  me  as  the  palm  of  my  hand. 

“We  landed  at  the  air  base,  recruited  a  landing  party  to  haul  the  blimp 
down,  drained  the  tanks  and  re-fueled  with  aviation  gas.  With  the  blimp 
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sate  and  apparently  In  perfect  condition,  the  question  now  arose  as  to  what 
to  do  next.  The  obvious  solution  would  have  been,  get  aboard  and  go  to  Texas. 
Two  things  stopiied  the  obvious;  the  crew  who  flew  it  to  Columbus  stated 
flatly  that  they  did  not  intend  to  fly  again  for  at  least  a  week.  The  second 
thing  was  the  weather  report.  While  the  sun  shone  brightly  at  Columbus  the 
weather  man  said  the  birds  were  walking  from  Hattiesburg  south  on  account 
of  the  fog  and  all  planes  were  grounded. 

“We  hau  brought  along  a  LCDR,  a  JG.,  a  flight  mechanic  and  me,  the  good 
old  engineering  officer.  If  I  would  agree  to  fly  we  could  take  off  with  a  short 
crew.  Not  being  bright  I  agreed  to  fly.  • 

“The  weather  deal  was  easy ;  all  planes  were  grounded,  we  were  not  a  plane, 
simple — we  would  fly  to  Texas  in  a  pea  soup  fog  and  demonstrate  a  masterly 
piece  of  navigation. 

“We  took  off  at  about  four  in  the  afternoon.  The  LCDR  kept  the  blimp 
about  ten  feet  above  the  trees  aud  asked  for  the  antenna  to  be  lowered  so 

he  could  notify  all  and  sundry  that  we  were  on  the  way.  The  antenna  bob 

struck  a  limb  and  bounced  up  into  the  gas  bag  aft  cutting  a  bole  about  two 
feet  long.  The  LCDR  stated  he  was  not  getting  reception.  I  told  him  where 

the  antenna  was.  He  said  take  the  crook  and  pull  it  back  out.  I  did  and  it 

promptly  went  into  the  bag  again  cutting  another  hole.  He  then  said  to  heck 
with  the  whole  business  as  we  would  be  there  before  they  knew  we  were 
coming. 

“The  weather  was  still  clear  and  shortly  after  this  we  flew  over  a  large 
bam  at  our  tree  top  altitude.  Several  things  occurred ;  all  the  chickens  took 
off  and  vanished.  The  livestock  in  the  barn  lot  left,  taking  the  fence  along. 
Those  in  the  bam  left  also,  taking  the  sides  of  the  barn  along.  The  apparent 
owner  was  walking  across  the  lot  with  a  shotgun.  He  let  us  have  both 
barrels.  A  blimp  hide  is  very  tough  and  the  small  shot  bad  no  effect.  Buckshot 
might  have  written  a  different  ending  to  this  narrative. 

“The  weather  began  to  show  evidence  of  the  predicted  fog  and  I  decided 
that  I  might  as  well  sleep  through  the  whole  thing  and  I  sacked  out.  An  hour 
or  so  later  I  was  awakened  and  the  LCDR  asked  me  if  I  could  tell  him  where 
we  were  inasmuch  as  I  knew  the  country.  I  looked  out  and  had  a  glorious 
view  of  nothing.  Even  the  engines  were  invisible.  Whoever  said  the  birds 
were  walking  was  not  kidding.  The  LCDR  said  they  had  passed  over  lights 
a  few  minutes  back.  I  assumed  these  were  Hattiesburg.  Miss,  since  the  time 
element  was  about  right.  The  LCDR  said  that  it  made  no  difference  as  be 
had  computed  a  course  that  could  not  miss.  About  two  hours  later  we  sighted 
a  light  in  the  soup  and  the  LCDR  said  that  he  had  it  flgured  right  on  the 
nose  as  that  was  the  light  on  the  hangar  at  Houma,  La.  I  looked  at  the 
altimeter  and  it  said  we  were  at  about  600  feet.  Tbe  hanger  had  either  grown 
or  the  altimeter  was  way  off.  Something  gnawed  at  my  subconscious.  As  we 
circled  the  light  again  close  enough  to  touch  it.  it  hit  me.  I  yelled,  ‘Get  the 
hell  out  of  here,  those  are  the  radio  towers  in  New  Orleans  and  they  are 
made  of  very  good  steel.’ 

“We  promptly  went  up  and  out  of  danger.  Take  LCDR,  said  he  guessed  we 
had  better  make  another  calculation  on  our  navigation.  I  thought  we  had 
better  get  a  Texaco  road  map  and  a  flashlight.  We  then  figured  we  could  not 
miss  anything  as  large  as  Lake  Ptmtchartrain  and  headed  in  that  direction. 
After  due  runu.ng  time  we  decided  to  let  down,  be  sure  of  the  lake  and  then 
calculate  from  there.  We  let  down,  and  down,  and  down.  Just  as  the  altimeter 
hit  a  hundred  feet  we  hit  the  lake.  Water  came  almost  to  the  deck  but  since 
so  much  weight  had  been  relieved  by  the  water  the  gas  bag  promptly  hauled 
us  up  again  spouting  water  from  every  seam  like  a  ruptured  whale. 

“After  a  profound  Interval  of  silence  the  Fight  Mechanic  allowed  that  he 
believed  there  was  no  doubt  that  we  had  found  Lake  Pontchartrain.  The  LCDR 
perked  up,  said  he  had  it  down  pat  now.  and  we  could  take  off  for  Texas. 
Everybody  disagreed  and  insisted  that  we  first  find  the  Mississippi  River, 
but  not  exactly  as  we  had  Lake  Pontchartrain.  He  agreed  and  we  set  off,  very 
carefully  timing  our  flight.  At  what  we  hoped  was  the  proper  time,  we  very 
carefully  descended.  Miracle  of  miracles,  we  popped  out  of  the  fog  right  over 
Old  Man  River.  Now  it  was  easy  enough  to  find  the  Huey  P.  Long  bridge  and 
follow  the  road  to  Houma.  We  could  put  down  there  for  the  night  and  wait 
for  better  weather. 

We  found  the  bridge,  lined  up  on  the  highway  and  headed  west  with  all 
signals  go,  and  made  in  the  shade — we  thought.  There  was  a  car  going  the 
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way  we  wanted  to  go  and  hla  lights  made  it  all  the  nicer.  Meanwhile,  back  at 
the  ranch — The  blimp  had  been  slowly  losing  helium  from  the  antenna  inci¬ 
dent.  In  addition  the  bag  was  loaded  with  about  2700  pounds  of  moisture 
from  the  fog.  The  controls  were  logy  and  w^n  she  was  pointed  down  she 
wanted  to  keep  on  down  and  would  mush  for  awhile  before  answering  the 
elevator.  The  LCDR  was  determined  to  keep  the  car' in  sight.  He  was  doing  so 
but  getting  dangerously  low.  Suddenly  the  old  girl  decided  to  keep  on  mushing 
down  and  did  so,  right  on  top  of  the  automobile.  No  one  will  ever  know  what 
he  thought  He  ran  off  the  left  side  of  the  road  and  vanished.  Apparently  no 
injury  was  incurred  as  we  never  heard  of  him  again.  We  turned  sideways 
across  the  road  and  went  off  to  the  right  into  a  huge  grove  of  soft  feathery 
willows,  ^e  blimp  rolled  to  one  side  as  if  it  was  tired  of  the  whole  thing  and 
wanted  to  sleep.  During  this  time  we  were  also  being  treated  to  some  ratbei 
startling  pyrotechnics.  Fire  was  flying  all  over  the  car  and  even  way  back  on 
the  afterpart  of  the  bag.  We  had  not  time  to  even  speculate  on  these  happen¬ 
ings  as  we  were  waiting  to  see  what  would  happen  to  the  blimp.  As  in  the 
Lake  Pontchartrain  landing,  the  weight  being  off  and  absorbed  by  the  willows, 
the  bag  yanked  us  back  into  the  air.  The  jar  had  relieved  us  of  a  lot  of  water 
also.  We  circled  gingerly  back  to  the  road  and  continued  west.  The  controls 
were  nearly  impossible.  Something  had  happened  but  we  would  not  know 
what  until  much  later. 

"I  remembered  two  tall  brick  chimneys  at  Raceland  at  the  sugar  mill  and 
they  were  too  close  together  to  fly  through.  I  had  no  desire  to  wind  up  stuck 
like  a  nog  in  a  'ence.  The  LCDR  decided  to  rise  a  bit  higher.  We  did,  and 
promptly  hiSt  s.^ht  of  the  road  and  everything  else. 

“We  had  t>een  calling  Houma  Naval  Air  Station  for  some  time  with  no 
reply,  but  we  knew  we  would  be  able  to  see  all  the  lights  at  Houma.  Calcu¬ 
lating  our  speed  and  the  known  distance  we  soon  knew  we  had  to  be  over 
Houma.  Not  one  light  was  'visible.  Again  the  slow,  careful  descent.  This  time 
we  were  lucky,  we  did  not  hit  the  ground,  we  only  ran  Into  the  water  tower 
at  Houma.  The  crash  of  breaking  nose  battens  informed  us  that  we  had 
better  not  place  any  confidence  In  any  landing  lines  attached  to  the  forward 
part  of  the  blimp.  We  had  no  way  of  knowing  whether  or  not  all  landing 
line  had  been  carried  away.  The  LCDR  then  did  the  first  constructive  thing 
on  the  whole  flight.  He  went  up  to  three  thousand  feet  and  stayed  there. 

“With  daylight  we  were  treated  to  a  sight  of  the  world  without  fog.  anti 
in  addition  we  were  right  over  the  air  training  station  at  Lafayette,  Louisiana. 

“The  blimp  was  now  as  heavy  as  lead  and  we  knew  we  would  not  need  a 
crew  to  pull  it  down  so  we  decided  a  landing  was  in  order.  The  one  we  made 
was  without  a  doubt  the  hottest  one  a  blimp  ever  made.  We  took  up  the 
whole  landing  strip.  Usually  a  blimp  lands  in  about  a  hundred  feet  and  has 
to  be  hauled  down. 

"The  cadets  poured  out  to  see  the  'monster'  and  we  were  subjected  to  some 
remarks  about  idiots  that  fly  In  bags  and  a  few  that  cannot  be  printed  here. 
We  ignored  them  and  Inspected  the  blimp.  It  was  so  heavy  from  helium  loss 
that  the  one  landing  wheel  tire  was  spread  out  two  feet  wide.  The  control 
difficulty  was  easily  assessed.  The  trouble  was  a  thirty  foot  willow  tree  that 
had  become  entangled  In  the  control  cables  and  bad  been  pulled  up  by  the  roots 
by  the  blimp.  Since  a  blimp  is  about  as  tall  as  a  five  story  building  the  tree 
just  bad  to  stay  there  until  we  got  to  home  base. 

“The  station  gave  us  a  magniflcent  breakfast,  full  tanks  of  gas,  bowed  their 
heads  in  prayer  for  our  safe  return,  and  saw  us  off.  A  blimp  has  dynamic 
lift  like  an  airplane  as  well  as  lift  furnished  by  the  helium.  Without  it  we 
would  have  never  got  off.  As  it  was  we  used  up  every  bit  of  the  runway  and 
for  awhile  it  appeared  we  might  pick  up  another  willow  or  two.  The  trip  to 
Hitchcock  was  uneventful.  The  landing  was  somewhat  difficult  as  we  had 
become  even  heavier.  We  jettisoned  our  depth  charges,  all  movable  gear,  and 
dumped  all  the  gasoline  except  enough  to  land  on. 

“The  most  unbelievable  part  of  the  whole  deal,  and  every  word  is  true,  is  that 
that  damn  blimp  was  out  on  patrol  next  morning.  That  is  more  than  can  be 
said  of  the  crew. 

“To  summarise;  the  fireworks  we  experlent  were  simply  explained.  We 
had  run  through  a  440,000  volt  high  power  line  and  demolished  it.  It  in  turn 
melted  off  our  tail  wheel,  burned  holes  all  over  the  car  and  burned  deep 
grooves  in  the  propellors. 
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“Knowing  thin,  it  was  easy  enongh  to  see  why  we  could  not  find  Howna 
or  the  Naral  Air  Station  there.  We  had  blacked  out  the  whole  area  of  that 
part  of  Louisiana.  We  heard  later  that  a  perennial  drunk  had  been  sleeping 
it  off  under  the  tower  at  Houma.  It  is  said  that  he  has  never  touched  another 
drop.  Much  later,  as  1  was  going  overseas,  1  talked  to  a  Chief  of  Communica¬ 
tions  who  had  been  stationed  at  New  Orleans  on  that  wild  night.  He  told  me 
that  they  had  been  ordered  to  dose  down  except  for  a  standby  watch  and  go 
home  as  nothing  would  be  flying.  He  said  that  a  bunch  of  damn  fools  in  a 
blimp  had  put  a  st<V  to  all  that  and  kept  the  whole  communications  system 
up  all  night  on  emergency.  He  said  that  if  he  ever  saw  one  of  the  crew  he 
would  strangle  him  and  believed  he  would  be  Justified.  I  agreed.” 

Senator  GkiuiwATER.  The  next  witness  will  be  Dr.  Jerry  Grey,  ac¬ 
companied  by  Mr.  Ernest  Simpson  of  the  Air  Force,  Aeropropul- 
sion  Laboratory,  who  will  present  testimony  on  advanced  aircraft 
propulsion  systems. 

I  am  sorry,  did  you  have  a  question? 

Senator  Babtubtt.  No. 

i^nator  Goldwater.  I  get  so  lonesome  in  here  I  sometimes  forget. 

Senator  Bartlett.  You  did  fine. 

Senator  Goldwater.  You  may  proceed. 

[The  biography  of  Dr.  Grey  foUows.] 

Bioobapht  Bbief  fob  Db.  Jbbbt  Gbet 

Dr.  Jerry  Orey  received  his  Bachelor's  degree  in  Mechanical  Engineering 
and  his  lkte8ter*8  in  En^eerlng  Physics  trom  Cornell  University;  his  Fb.  D. 
in  Aeronautical  Engineering  from  the  California  Institute  of  Technology. 

His  early  career  included  stints  as  a  fuU-tlme  Instructor  of  Thermodynamics 
at  Cornell,  an  engine  development  engineer  at  Pairchlld,  a  Senior  Engineer 
at  Marquardt,  and  a  hypersonic  aerodynamaclst  at  the  GALCIT  5"  Hyper¬ 
sonic  Wind  Tunnel.  He  was  a  professor  In  Princeton  University’s  Department 
of  Aerospace  and  Mechanical  Sciences  for  16  years,  where  he  taught  courses 
in  fluid  mechanics  and  propulsion  and  served  as  Director  of  the  Nuclear 
Propulsion  Research  Laboratory.  He  formed  the  Greyrad  Corporation,  a  sup¬ 
plier  of  hlgh-temperature  Instrumentation,  In  1959  and  was  Its  full-time  Presi¬ 
dent  from  1967  to  1971.  He  Is  now  Administrator  of  Technical  Activities  for 
the  American  Institute  of  Aeronautics  and  Astronautics,  where  be  spends 
half  his  time;  the  other  half  is  devoted  to  consulting  practice,  writing,  and 
lecturing. 

Dr.  Grey  is  the  author  of  four  books  and  over  a  hundred  technical  papers 
In  the  fields  of  fluid  dynamics,  heat  transfer,  rocket  and  aircraft  propulsion, 
nuclear  propulsion  and  power,  plasma  diagnostics.  Instrumentation,  and  the 
applications  of  technology.  He  has  served  as  consultant  to  the  U.S.  Congress, 
the  Air  Force,  NASA,  and  the  AEC,  as  well  as  over  twenty  industrial  organi- 
tetions  and  laboratories.  He  was  Vice  President-Publications  of  the  AIAA 
for  five  years,  and  Is  listed  in  Who’s  Who  in  America,  American  Men  of  Sci¬ 
ence,  Who’s  Who  in  Aviation,  Engineers  of  Distinction,  and  the  United  King¬ 
dom’s  Blue  Book  and  Dictionary  of  International  Biography. 

STATEKERT  OF  DE,  JEBBT  GBET,  ADMUHSIBATOB,  TECHHICAL 

ACnriTIES  AND  COHMUHlCATIOirS,  AMEBICAH  IRSHTUTE  OF 

AEBORAimCS  ART)  ASTBORAUTICS,  ACCOMFARIED  BT  EBREST 

SIMF80R,  AIB  FORCE,  AEBOFBOPTJLSIOR  LABOBATOBT 

Dr.  Gret.  The  AIAA  appreciates  this  opportunity  to  present  its 
views  on  advanced  aircraft  propulaon  to  this  committee,  and  I  thank 
you  for  your  invitation  to  appear  before  you. 

Before  I  proceed  to  the  subkance  of  our  testimony,  I  want  to  point 
out  that  my  appearance  here  today  is  as  a  representative  of  the  Insti- 


134 


tute,  and  that  the  material  I  offer  has  been  thoroughly  reviewed  by 
appropriate  members  of  our  technical  committees.  Appearing  with 
me  is  Mr.  E.  Clifford  Simpson,  who  served  as  chairman  of  the  pro¬ 
pulsion  group  at  the  recent  AIAA  Workshop  Conference  on  Aircraft 
Fuel  Conservation. 

My  testimony  will  be  in  three  areas:  advanced  engine  cycles,  new 
fuels,  and  nuclear  propulsion.  As  you  have  suggested,  Mr.  Chairman, 
I  will  devote  my  brief  time  here  primarily  to  research  and  develop¬ 
ment  opportunities  which  are  either  not  yet  included  or  are  not 
yet  I  believe,  receiving  substantial  emphasis  in  current  Federal 
programs. 

I  ao,  however,  wish  to  call  to  your  attention  a  basic  premise  which, 
although  not  explicitly  stated,  is  interwoven  throughout  my  entire 
testimony :  We  face,  in  this  country  and  in  the  world,  an  end  to  the 
virtually  limitless  availability  of  natural  liquid  petmleum-based  fuels 
which  we  have  enjoyed  up  to  now.  Although  the  recent  “energy 
crisis”  may  appear  to  have  been  relieved,  serious  and  perhaps  even 
crippling  fuel  shortages  are  almost  certain  to  reappear  in  the  com¬ 
ing  months  and  years.  The  search  for  viable  petroleum  substitutes, 
and  for  methods  to  reduce  our  fuel  consumption  until  such  substitutes 
become  available  in  quantity,  are  therefore  essential  elements  in  all 
aeronautical  research  and  development  considerations.  This  subject 
was  covered  in  some  detail  at  a  recent  AIAA  Conference  on  Aircraft 
Fuel  Conservation  which  you,  Mr.  Chairman,  strongly  supported  and 
which  I  have  listed  as  one  of  the  references  in  an  Appendix  to  this 
testimony. 

Senator  Goldwater.  Will  you  send  a  copy  to  the  Committee,  and 
we  will  make  it  part  of  the  record. 

Dr.  Gret.  Thank  you ;  I  certainly  will. 

NEW  ENGINE  CTCtES 

Although  the  “jet  age”  may  appear  to  be  well  into  its  maturity, 
many  opportunities  still  exist  for  major  performance,  cost,  and  fuel- 
conservation  improvements  by  tailoring  engines,  and  their  installa¬ 
tion  in  aircraft,  for  specific  purposes.  At  present,  different  propulsion 
systems  are  used  for  different  operating  conditions,  but  a  new  con¬ 
cept,  the  variable-cycle  engine,  shows  great  promise  for  eflScient  op¬ 
eration  over  a  wide  range  of  subsonic  and  subsonic/supersonic  flight 
conditions.  We  have  therefore  chosen  to  discuss  this  concept  in  our 
testimony,  although  there  are,  of  course,  many  other  new  engine  con¬ 
cepts  undergoing  research  and  development,  as  you  have  heard  in 
testimony  presented  to  you  by  NASA  and  others  earlier  this  year. 

I  have  also  decided  to  discuss  briefly  a  far  more  advanced  idea,  the 
supersonic-combustion  ramjet  engine  required  for  hypersonic  aircraft 
propulsion.  These  two  engine  concepts  were  selected  for  our  testi¬ 
mony  from  among  all  other  possible  choices  because  between  them 
they  incorporate  many  of  the  new  features  which  we  believe  are  the 
forerunners  of  tomorrow’s  propulsion  technology.  Both  were  men¬ 
tioned  in  the  NASA  testimony  on  July  16. 
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VARIABU:  CTCLE  EXOIIf  E 

Mr.  Groldwater,  I  h^rd  you  ask  Dr.  Fletcher  for  a  paper  describ¬ 
ing  this  ennne.  One  will  be  published  in  the  AIAA’s  magazine,  Astro¬ 
nautics  and  Aeronautics,  next  February.  I  have  with  me  a  prelimi¬ 
nary  copy  of  the  basic  content  of  that  paper,  which  I  will  be  glad 
to  leave  here  with  you. 

Senator  Goldwater.  Thank  you  very  much. 

This  concept  is  basically  a  variable  bypass  engine ;  that  is,  the  frac¬ 
tion  of  the  total  airflow  through  the  engine  which  passes  through  the 
fan,  thereby  “bypa^ing”  the  fuel-burning  core  of  the  engine,  can 
be  varied  over  a  wide  range.  The  basic  advantage  of  this  variable 
bypass  flow  is  that  it  can  provide  the  optimum  bypass  ratio  for  each 
flight  speed.  Also,  it  has  the  potential  for  substantial  reductions  of 
“installation  losses”  in  both  the  inlet  and  nozzle.  Thus,  a  variable- 
cycle  engine  can  operate  at  peak  efficiency  from  takeoff  to  high  super¬ 
sonic  flight  speeds. 

Because  this  engine  cycle  requires  a  number  of  innovations  in 
engine  technology,  it  is  still  considered  to  be  at  least  a  decade  from 
implementation  in  even  a  test  aircraft.  The  principal  developments 
needed  are  variable-pitch,  variable  camber  fans  (similar  in  basic 
principle  to,  but  far  more  complex  than,  the  familiar  variable-pitch 
propeller),  variable-area  turbine  inlet  nozzles  for  both  the  low-high 
pressure  and  high-pressure  turbines,  variable-area  convergent- 
divergent  exhaust  nozzles,  and  a  propulsion  control  system  capable  of 
integratii^  all  these  variable-area  components  with  the  fuel  control 
over  all  flight-speed  ranges.  Such  further  improvements  as  higher- 
pressure-ratio  compressor  blading,  overall  hi^er-pressure  compres- 
^rs,  high-temperature  (columbium-lined)  combustion  chamlters,  and 
in  some  cases  regenerative  heat  recovery,  are  also  important  elements 
in  variable-cycle  engine  development. 

Along  with  a  totally  new  approach  to  blending  the  engine  into  the 
airframe,  these  features  permit  the  use  of  a  single  engine  over  a  wide 
performance  range.  Just  as  the  automobile  has  several  gear  ratios  to 
meet  the  requirements  of  its  use,  the  aircraft  in  many  instances  has 
the  same  opportunity  to  save  fuel  through  discrete  cycle  changes  for 
takeoff,  climb,  subsonic  cruise,  supersonic  cruise,  dash,  and  other  op¬ 
erating  modes.  The  variable-cycle  engine  thus  can  provide  high-per¬ 
formance  STOL  capability  and/or  low-noise  operation  at  takeoff 
and  landing  while  still  Iteing  capable  of  high-speed  economical  cruise 
flight,  and  it  also  permits  efficient  subsonic  and  supersonic  perform¬ 
ance  by  a  single  airplane. 

The  most  imminent  applications  for  this  new  engine  cycle  are 
militarv,  which  is  why  the  Air  Force  is  currently  spearheading  the 
effort.  However,  this  Nation  will,  someday,  be  forced  to  reconsider  the 
needs  and  the  implications  of  a  commercial  supersonic  transport  air¬ 
craft,  as  was  mentioned  by  both  Dr.  Fletcher  and  Dr.  Cannon  here 
on  July  16,  and  the  variable-cycle  engine  will  become  a  major  element 
in  that  reconsideration.  For  example,  our  now-defunct  2707  super¬ 
sonic  transport  design  used  up  a  major  fraction  (about  30  percent) 


of  its  fuel  just  to  reach  cruising  speed,  partly  because  its  en^es 
were,  of  necessity,  designed  to  operate  most  efficiently  at  2.7  times 
the  speed  of  sound  at  high  altitude.  A  high-bypass-ratio  engine  would 
have  been  much  more  efficient  for  takeoff,  climb,  and  landing;  further, 
it  also  happens  to  be  the  best  configuration  for  least  noise.  This  com¬ 
bination  of  requirements  ‘‘makes  the  case”  for  the  variable  cycle 
engine  in  any  future  SST — and  despite  the  continuing  negative  atti¬ 
tude  toward  SST’s,  we  need  to  be  doin^  our  technical  homework  now 
to  protect  our  valuable  future  commercial  aircraft  market  against  the 
possibility  of  a  successful  second-generation  foreign  SST. 

But  even  if  the  variable-cycle  engine  does  not  find  its  home  in  a 
commercial  supersonic  transport  or  in  advanced  STOL/low-noise 
applications,  or  proves  too  difficult  to  develop  as  a  complete  concept, 
the  above  mentioned  advancement  in  component  technology  which 
might  be  achieved  du^g  the  development  process  will  have  far- 
reaching  implications  in  all  future  en^nes,  not  the  least  of  which, 
as  was  identified  in  the  recent  AIAA  Workshop  Conference  on  air¬ 
craft  fuel  conservation,  would  be  substantial  reductions — ^up  to  as 
much  as  50  percent — in  the  consumption  of  fuel.  We  therefore  ask 
that  this  committee  encourage  and  support  both  engine  and  aircraft 
research  activities  associated  with  the  variable-cycle  engine  concept, 
and  we  certainly  concur  with  Dr.  Fletcher’s  statement  that  this 
should  receive  the  highest  priority  in  any  new  funding  consideration. 

SUPERSONIC  COMBUSTION  RAMJET 

The  supersonic  combustion  ramjet  finds  it  application  even  further 
in  the  future  than  that  of  the  variable-cycle  engine.  A  truly  new 
concept,  it  is  the  only  airbreathing  enmne  which  can  operate  effec¬ 
tively  at  flight  speeds  in  excess  of  Mach  5. 

The  “Scramjet”,  as  it  is  sometimes  called,  was  pioneered  by  the 
Applied  Physics  Laboratory  at  Johns  Hopkins  University,  was 
studied  at  a  low  level  of  effort  for  some  years  by  NASA’s  Lewis 
Research  Center,  and  is  currently  being  pursued,  also  at  a  low  level, 
at  NASA’s  Langley  Research  Center.  Like  all  ramjets,  it  can  only 
operate  at  relatively  high  flight  speeds.  That  is,  in  an  ordinary  turbo¬ 
jet,  a  compressor  is  used  to  achieve  the  pressure  ratio  needed  to  drive 
the  burned  hot  gasses  through  the  engine,  whereas  the  ramjet  utilizes 
the  recovery  pressure  of  the  air  “rammed”  into  the  enjpne.  In  a  con¬ 
ventional  ramjet  the  air  must  be  slowed  up  sufficiently  by  the  time 
it  leaches  the  combustion  chamber,  to  reduce  the  pressure  losses  as- 
smiated  with  turbulence  and  other  dissipative  processes  of  high-speed 
air  flows.  In  a  very  high  speed  engine,  however,  this  slowing-up 
proCTSS  becomes  too  inefficient,  so  in  the  Scramjet  the  supersonic  inlet 
air  is  slowed  only  partially.  The  inlet  shock  wave,  although  it  isn’t 
strong  enough  to  reduce  the  air  flow  all  the  way  to  subsonic  speeds, 
still  generates  sufficiently  high  air  temperatures  so  that  the  engine 
can  maintain  a  hydrogen-air  flame  even  at  supersonic  air  speeds. 

Militai^r  interceptors  and  commercial  hypersonic  aircraft  (HST) 
which  might  use  this  engine  are  still  many  years  off,  and  require  much 
research  effort  not  only  on  the  new  engine  concept,  but  also  in  aero¬ 
dynamics,  materials,  and  the  aircraft  cooling  systems  needed  at  flight 
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speeds  in  the  Mach  6  to  Mach  8  range.  The  two  major  attractions 
of  the  HST,  other  than  its  extremely  high  speed,  are  its  reduced 
sonic  boom  impact — because  of  the  extreme  altitude  at  which  it  flies — 
and  the  fact  that  its  use  of  hydnmn,  the  only  fuel  which  makes 
the  HST  posmble,  avoids  the  need  ror  scarce  fossil  petroleum. 

From  the  viewpoint  of  this  committee,  support  of  research  activity 
on  the  Scramjet  at  a  low  but  steady  level  is  imjportant  today,  even 
though  commercial  or  even  militory  implementation  of  a  hypersonic 
aircraft  is  not  likely  until  the  d^ade  of  the  1990’8  or  even  later.  We 
make  this  suggestion  because  much  of  the  aerodynamic,  combustion, 
instrumentation,  and  materials  knowledge  needed  for  this  highly  ad¬ 
vanced  concept  will  maintain  for  the  United  States  a  strong  “cutting 
edge”  of  airbreathing  propulsion  technology  which  will  be  reflected 
throughout  the  entire  spectrum  of  aircraft  applications,  both  in  the 
immediate  and  distant  future.  The  sustenance  of  such  advanced  tech- 
noloj^  programs  has  in  the  past  proved  its  worth  in  providing  the 
technical  base  which  has  kept  the  United  States  well  ahead  of  the 
rest  of  the  world  in  both  commercial  and  military  aircraft,  a  not 
insigniflcant  factor  in  our  international  economic  and  military 
survival. 

NEW  FUEIjB 

We  in  the  aircraft  field  are  particularly  sensitive  to  the  ever¬ 
growing  sp^ter  of  scarcity — and  hence  ever-increasing  cost — of  pe¬ 
troleum-derived  fuels.  Perhaps  no  other  transportation  system  or 
energy-coimming  segment  of  modem  industry  is  quite  so  dependent 
on  the  availability  of  liquid  petroleum.  It  is  therefore  of  critical  im¬ 
portance  that  we  begin  to  establish  alternate  fuel  capabilities  immedi¬ 
ately,  be^u^  of  the  very  long  lead  time  necessary  to  implement  such 
capabilities  into  commercial  and  military  aviation. 

Of  the  various  alternatives  we  might  consider  to  replace  or  supple¬ 
ment  petroleum-based  fuels,  there  are  only  three  basic  categories: 
more  or  less  conventional  liquid  hydrocarbons  derived  from  coal  or 
shale-oil,  synthetic  hydrocarbons,  and  totally  new  aircraft  fuels  such 
as  hydrogen  or  methane.  In  all  cases,  there  are  two  possible  extremes 
in  approaching  the  use  of  new  fuels :  either  develop  a  fuel  which  can 
be  us^  in  existing  engines,  or  modify  the  engines  as  necessary  to  ac¬ 
commodate  the  fuel.  In  practice,  a  combination  of  these  two  extremes 
will  almost  certainly  be  pursued. 

HTDBOCARBON  FUELS 

^  A  small  “first  step”  in  the  process  of  introducing  coal-derived 
liquid  hydrocarbon  fuels  has  already  been  initiated  by  the  Navy, 
which  has  undertaken  a  test  program  to  evaluate  their  compatibility 
with  currant  military  specifications.  However,  although  such  fuels 
are  readily  available  in  laboratory  quantities,  there  is  at  present  no 
capability  in  the  United  States  for  making  available  aircraft  fuel 
cuts  derived  from  coal  or  shale  oil  in  sufficient  quantities — ^that  is, 
more  than  pilot  plant  amounts^for  an  adequate  engine  testing  pro¬ 
gram.  Since  these  fuels  are  likely  to  be  most  economically  useful 
if  some  departures  from  present  petroleum-based  fuel  spcifications  are 


permitted,  such  testmg  of  modifications  on  at  least  a  few  different 
types  of  engines  will  be  essential.  We  therefore  suggest  that  this 
committee  support  the  immediate  implementation  of  a  small-scale 
production  program  directed  sp^ifically  at  the  manufacture  of  air¬ 
craft  fuels  from  coal  and  shale  oil.  We  make  this  recommendation  in 
the  belief  that  the  prosp^ts  for  practical  utilization  of  any  alterna¬ 
tive  fuels  other  than  fossil-derived  liquid  hydrocarbons  are  consider¬ 
ably  further  downstream  in  time. 

[The  table  follows:] 

POTENTIAL  NEW  FUELS  FOR  AIRCRAFT 


FmI 


H«it  of  oombusUoii  (L) 


Bta/lb 


Btu/m 


Domite 

Ib^  BoUiof  point 


Spicife 

hoofrBlu/  Colt,  dollon 
Ib/F  por  10*  Btu 


JPtiotA) .  18.SW  940,000 

■MrofMiLHi. .  S1,S00  222,000 

bMhinoLCH, .  21,500  570,000 

PnponoCtHa .  19,940  720,000 

MothonolCHiOH....  9,640  426,000 

Boron  (typo  BiHi)...  30,000  1,196,000 

JPftoineool .  19,930  996,000 

Niidoor. . 


50l5 

4.3 

26.5 
36.1 

49.4 

39.6 
53.0 


370°  F.  to  550°  F,  liquid  at  nor- 
mnl  tomporatura. 

—423°  F  eiyotmle . 

-259°Fciyeimle . 

—44°  F,  lourlofflporatun  or 
oonpianod  tai. 

149°  F,  liquid  at  normal  tom* 
poratuia. 

137°  F,  liquid  at  normal  tom- 
poritura. 

370°  F,  to  5^  F,  liquid  at  nor¬ 
mal  tomporatura. 


0.47  $1.00-93.00 

3.20  Z50-L50 

.49  1.50-100 

.65  .  75-2.00 

.60  1.00-2.00 

57  100  00-300.00 

.47  1.50-100 


Dr,  Ghet.  In  the  ve^  long  term,  of  course,  the  demand  for  even  coal- 
derived  hydrocarbon  ruels  will  become  excessive,  especially  when  they 
come  into  wide  general  nonaviation  use,  m  they  certainly  must.  We  in 
the  aviation  field  will  then  be  faced  with  the  need  to  manufacture  syn¬ 
thetic  fuels  by  utilizing  nonfossil  energy  sources,  for  example,  nuclear 
breeder  reactors  and,  hopefully,  nuclear  fusion  and  solar  power.  The 
two  general  classes  of  such  synthetic  fuels  we  might  consider  are 
liquid  hydrocarboiw,  very  much  like  the  fossil-derived  fuels  in  use 
today,  or  cryogenic  high-energy  fuels  such  as  methane  or  liquid 
hydrogen. 

Conveiitional  hydrocarbon  fuels  could  be  synthesized,  with  suff- 
cient  availability  of  energy,  from  carbon  in  vegetable  matter,  natural 
limestone— calcium  carbonate — or  even  the  carbon  dioxide  in  the 
atmosphere  combined  with  hydrogen  obtained  from  water — for  ex¬ 
ample,  by  electrolysis.  Advantages  of  these  hydrocarbon  fuels  are  the 
same  as  those  in  use  today ;  their  high  energy  density — energy  per  unit 
volume— ^and  no  requirement  for  sweeping  new  technology  or  logistic 
distribution  systems.  Their  disadvantages,  as  compared  with  hydrogen 
or  direct  nuclear  propulsion — which  I  will  discuss  later — are  their 
lower  energj  content  per  unit  mass  and,  possibly  even  more  im¬ 
portant,  their  higher  levels  of  air  pollution.  The  relative  cost  of  these 
fuels  is,  of  course,  perhaps  the  critical  factor,  but  we  do  not  as  yet 
have  any  basis  for  establishing  such  cost  data.  Thus  my  recommenda¬ 
tion  for  pursuit  of  this  avenue  for  new  fuel  development  must  be 
made  in  the  light  of  those  for  other  alternative  fuels,  as  is  given  later 
in  my  testimony. 
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UQCID  HnatOOEN 

The  potential  for  using  liquid  hydrogen  as  an  aircraft  fuel  has 
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and  bjr  a  number  of  industrial  groups.  Its  principal  benrat  is  its 
very  high  energy  per  unit  mass,  which  can  provide  substantial  im¬ 
provements  in  range  over  hydrocarbon-fueled  aircraft.  Hydrogen  also 
generates  very  low  air  pollution  levels,  and  affords  an  opportunity 
for  avoiding  the  use  of  scarce  petroleum-based  fuel — coal  is  an  excel¬ 
lent  near-term  source  for  hydrogen.  Principal  disadvantages  are  its 
low  energy  density — energy  per  unit  volume — and  low  temperature, 
which  demand  very  large,  well-insulated  aircraft  tankage,  its  nigh  cost 
as  compared  with  present  or  even  projected  shale  oil  or  coal-derived 
fuels,  and,  mrhaps  most  important,  the  lack  of  a  nationwide  logistic 
system  for  liquid  hydrogen  manufacturing  and  distribution.  Its  fu¬ 
ture  co^  as  compared  with  true  synthetic  hydrocarbons,  based  on 
utilization  of  nonfossil  energy  sources  to  manufacture  both  classes 
of  fuels,  cannot  yet  be  determined. 

Pa^  efforts  in  the  utilization  of  liquid  hydrogen  as  an  aviation 
fuel  include  engine  testing,  which  has  established  hydrogen’s  clear 
superiority  to  liquid  hydrocarbons  in  virtually  all  aspects  of  engine 
operation,  even  without  modifying  existing  engines,  and  extensive 
preliminary  design  studies  of  both  subsonic  and  supersonic  aircraft. 
Because  of  hydrogen’s  low  density,  these  designs  have  tended  to  be 
very  large — at  least  Lr-1011  or  747-8ize — ^in  order  to  be  cost  competi¬ 
tive,  but  the  current  escalation  in  aviation  fuel  costs  may  tend  to  make 
smaller  aircraft  somewhat  more  interesting.  Safety,  incidentally  is 
far  le^  of  a  problem  than  mo^  people  think,  although  some  public 
education  to  counteract  the  “Hindenburg  syndrome”  would  undoubt¬ 
edly  be  needed.  Liquid  hydrogen  has  seen  extensile  application  in 
the  space  program  with  virtually  no  safety  problems,  and  in  wide 
commercial  use  could  probably  become  ju^  as  safe  as  gasoline  or 
present  jet  fuels.  However,  cost  uncertainties,  and  especially  the  need 
for  a  nationwide  manufacturing  and  distribution  capability,  will 
probably  postpone  the  extensive  implementation  of  hydrogen  fuels 
until  around  the  end  of  the  century. 

UQtUD  KISTHANZ; 

Liquid  methane  has  also  been  examined  as  another  alternative  fuel, 
although  not  in  as  much  depth  as  has  liquid  hydrogen.  Liqueffed 
natural  gas — a.lraost  pure  methane — is  available  today,  but  has  not 
proved  competitive  with  current  aviation  fuels  even  at  the  prevailing 
high  prices.  Methane  could  be  considered  for  the  future,  but  since 
its  energy  per  unit  mass  is  only  slightly  better  than  that  of  fossil- 
derived  liquid  hydrocarbons  and  its  energy  density  is  far  worse — see 
table— jit  is  not  likely  to  be  a  serious  contender. 

In  view  of  the  above  discussion  on  new  fuels,  we  recommend  to  the 
committee  that  it  support  a  careful  and  extensive  assessment  of 
l)oth  synthetic  hydrocarbons  and  liquid  hydrogen  as  future  aviation 
fuels.  Included  in  such  an  assessment,  besides  technical  design  and 
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operational  factors,  should  be  detailed  projections  of  investment  and 
operating  costs,  environmental  impacts,  utilization,  overall  effect  on 
the  Nation’s  economy,  energy  and  materials  needs,  and  interaction 
with  other  fuel-using  segments  of  the  economy.  Manufacturing  and 
distribution  systems  must,  of  course,  be  an  essential  element  of  the 
assessment 

Finally,  although  the  linviting  factors  in  the  utilization  of  hydro¬ 
gen  as  an  aviation  fuel  are  certainly  those  associated  with  the  manu¬ 
facturing  and  distribution  sy^ms  rather  than  with  the  aircraft  or 
engines,  we  suggest  that  the  present  modest  NASA  program  in  the 
pertinent  aircraft  technology  be  maintained that  is,  the  develop¬ 
ment  of  low-mass  pressurized  tankage  and  insulation,  as  well  as 
other  aerodynamic,  structural,  and  systems  problems  associated  with 
the  high  volume  and  low  storage  temperature  of  liquid  hydrogen. 

NtrCLEAS  PBOPCriiSION 

An  extensive  development  program  in  aircraft  nuclear  propul¬ 
sion  (ANP),  conducted  by  the  U.S.  Air  Force  and  the  Atomic 
Energy  Commission,  was  terminated  in  1961.  Subsequent  develop¬ 
ment^  however,  particularly  in  aircraft  size  escalation  and  in  the 
growing  scarcity  and  cost  of  hydrocarbon  fuels,  have  stimulated 
reconsideration  of  the  concept  at  this  time  by  both  the  Air  Force 
and  the  AEC. 

In  the  nuclear-powered  aircraft,  a  fission  reactor  is  used  to  heat 
a  working  fluid,  which  might  be  either  a  liquid  metal — for  example, 
potassium  or  sodium — an  inert  gas — for  example,  helium  or  noble-gas 
mixtures — or  a  molten  salt.  The  hot  fluid  normally  flows  to  a  heat 
exchanger  and  transfers  heat  to  a  secondary  fluid  loop.  The  secondary 
fluid  carries  the  heat  to  the  engines,  thereby  eliminating  the  possi¬ 
bility  for  radioactive  contamination  of  the  engines.  The  secondary  hot. 
working  fluid  can  either  drive  a  turbine  to  power  a  fan  or  propellei 
or.  more  likely,  deliver  heat  to  a  heat  exchanger  which  replaces  the 
combustion  chamber  in  a  standard  engine.  Most  designs  also  include 
the  capability  for  burning  chemical  fuels. 

In  the  modem  concept  of  this  engine,  the  reactor  and  all  radio¬ 
active  components  are  totally  contained  within  a  fully  crashproof 
“unit”  containment  vessel  or  shield,  so  that  the  radiation  level  in  and 
around  the  aircraft  is  maintained  at  a  harmlessly  low  level  even  at 
fnll  reactor  power.  TTiis  feature,  made  possible  solely  by  the  use  of 
aircraft  large  enough  to  carry  the  heavy  shield,  is  what  primarily 
distinguishes  the  modem  nuclear  airplane  from  the  old  ANP  con¬ 
cept.  More  about  “crashproofing”  later. 

The  nuclear-propelled  airplane  has  only  one  unique  performance 
feature:  essentially  unlimited  range — ^it  can  stav  aloft  almost  in¬ 
definitely.  When  the  pilot  of  a  chemicallv-powered  aircraft  takes  off. 
he  knows  that  6  or  7.  or  maybe  even  20  hours  later  he  has  to  land — 
not  matter  where — when  he  rans  out  of  fuel.  The  pilot  of  a  nuclear- 
Dowered  plane  knows  he  can  always  fly  to  another  field,  no  matter 
how  distant.  Also,  in  sufficiently  large  aircraft,  the  nearly-constant 
mass  of  the  nuclear  powerplant  system  provides  a  substantial  im- 
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proTememt  in  payload  capability  as  compared  with  all-chemical- 
fueled  aircraft,  especially  for  loim  range  trips. 

The  two  principal  barriers  to  the  development  of  nuclear  aircraft 
have  been  the  lack  of  a  truly  important  mission  and  concerns  about 
public  safety.  With  impendmg  shortages  and  high  costs  of  conven¬ 
tional  fuels,  however,  a  review  of  ^ese  “barriers”  appears  worth¬ 
while. 

Current  nuclear  aircraft  concepts  consider  minimum  payloads  of 
250  metric  tons — 650,000  pounds-^  compared  with  about  100  metric 
tons  for  the  C-5A.  Many  design  studies  have  postulated  even  larger 
payloac^  Some  possible  missions  for  such  an  airplane  or  seaplane, 
both  military  and  civil,  are  included  in  this  testimony  as  Appendix 
A.  These  missions  are  those  which  best  utilize  the  large  payloads 
and  the  near-infinite  range  offered  by  a  nuclear  propulsion  power- 
plant. 

The  “safety  barrier”  represents  perhaps  the  most  severe  problem 
faced  by  the  nuclear  aircraft.  Before  a  nuclear  aircraft  can  become 
operational,  or  even  be  flight  tested,  it  must  be  demonstrated  that 
under  no  circumstances  can  the  public  be  endangered  by  any  acci¬ 
dent — even  a  full-scale  crash — in  which  a  nuclear  plane  is  involved. 
Prior  to  termination  of  NASA’s  nuclear  propulsion  activities  in  Janu¬ 
ary  1973,  a  program  to  develop  the  necessary  safety  technology  had 
indicated — ^by  rocket  sled  tests — ^that  reactor  containment  designs 
could  be  capable  of  sustaining  a  Mach  1  impact  into  a  concrete  wall 
without  leakage  of  their  contents.  Also,  NASA  had  formulated  theo¬ 
retical  containment  designs  which  could  sustain  a  full  post-crash 
reactor  meltdown  without  thermal  failure.  However,  despite  these 
promising  beginnings,  clear  demonstration  of  reactor  safety  still 
has  a  long  way  to  go,  even  if  flights  are  restricted  to  over-water 
routes. 

In  the  technology  area,  although  considerable  research  and  de¬ 
velopment  is  needed,  there  appear  to  be  no  major  barriers  to  the 
achievement  of  subsonic  flight.  Nuclear-powered  supersonic  flight 
would  require  extensive  new  technical  knowledge,  but  the  use  of  sup¬ 
plementary  chemical-fuel  power,  as  was  proposed  in  the  old  ANP 
program,  would  provide  some  supersonic  capability  to  a  basically 
subsonic  nuclear  aircraft,  especially  when  some  of  the  newer  fuels 
are  considered. 

The  nuclear-powered  aircraft  concept  must,  of  course,  be  compared 
with  chemically-fueled  aircraft  using  hydrogen  or  synthetic  hydro¬ 
carbons,  since  the  time  frame  of  interest  for  all  these  concepts  is 
certainly  near  or  perhaps  beyond  the  end  of  the  century.  However, 
even  before  such  comparison  studies  can  be  undertaken,  it  is  neces¬ 
sary  to  conduct  rather  extensive  systems  analyses  of  various  ele¬ 
ments  in  the  nuclear  propulsion  concept.  For  example,  it  has  not  yet 
been  established  whether  the  reactor  working  fluid  should  be  a  noble 
gas — or  noble-gM  mixture — or  a  liquid  metal,  a  choice  which  dictates 
manv  basic  design  features  of  the  entire  power  system.  Also,  there 
has  been  no  consideration  of  plutonium  fuel,  although  in  the  time 
frame  of  interest  it  is  not  likely  that  uranium  235  will  still  be  avail¬ 
able.  Many  possible  choices  for  heat  exchanger  materials,  enpne  op- 


erating  parameters,  chemical-fuel  integration,  and  other  variables 
have  not  been  evaluated. 

We  therefore  recommend  that  the  committee  support  a  program  of 
amdytical  systems  studies — not  a  development  program — of  nuclear 
aircraft  propulsion  concepts.  These  studies  should  include  airframe 
considerations,  and,  eventually,  should  be  incorporated  into  the  over¬ 
all  assessment  of  the  tyjpe  we  recommended  earlier  for  synthetic  and 
hydrogen  fuel  utilisation;  that  is,  to  determine  whether  nuclear 
enerOT  is  most  effectively  used  for  direct  in-flight  power,  or  indirectly 
for  roe  manufacture  of  chemical  fuels. 

Mr.  Chairman,  I  hope  this  testimony  has  been  helpful  in  providing 
you  with  the  information  you  need — ^additional  detail  may  be  found 
in  the  references  listed  in  Appendix  B.  I  am,  of  course,  convinced 
that  the  continued  growth  of  the  aircraft  industry  is  vital  to  the 
health  of  this  Nation.  My  presentation  has  been  primarily  oriented 
to  the  future  because  I  firmly  believe  that  sustained  active  attention 
to  the  support  of  advanced  technology  is  essential  to  the  nurturing 
of  that  industry. 

I  thank  you  again  for  the  opportunity  to  appear  here  today,  and, 
with  Mr.  Simpson,  stand  ready  to  answer  any  questions  you  may 
have. 

[Appendix  A] 

Possible  Missions  fob  Nuclear  Aibcbaft  (260  Metbic-Ton  Patload) 

1.  miutabt  missions 

Transport  by  a  relatively  small  fleet  of  a  full  Army  division  (or  equivalent- 
mass  payloads)  to  remote  “brush-flre”  areas  on  very  short  notice,  with  no 
need  for  first  establishing  massive  logistic  capability  (e.g.,  fuel  for  return) 
in  the  target  area.  Current  subsonic  nuclear  aircraft  design  concepts  in  the 
suggested  payload  range  are  capable  of  using  existing  (26()0-meter)  runways; 
seaplane  designs  are  also  possible. 

Transport  of  large  payloads  in  single-leg  flight  modes  (i.e.,  with  no  need 
for  intermediate  supply  bases).  Independent,  except  for  added  flight  time  of 
(1)  the  need  to  avoid  overflights  of  sensitive  territories,  (2)  the  need  to 
avoid  enroute  weather,  or  (3)  target-area  weather  (the  aircraft  simply  holds 
in  a  convenient  pattern  until  the  weather  clears). 

Transport  of  multiple  payloads  for  parachute  drop  to  a  number  of  different 
areas  in  a  single  flight,  with  no  need  for  return-fuel  supply  bases. 

Transport  of  extremely  large  single-unit  payloads  (e.g.,  complete  mobile 
nuclear  powerplants)  to  remote  locations  with  no  need  for  logistic  support. 

Missile-launching  platforms  similar  to  nuclear  submarines,  but  with  much 
higher  mobility  and  almost  as  undetectable  by  radar  or  .satellite  on  short¬ 
term  scales. 

Long-term  airborne  reconnaissance,  “search  and  destroy”  (of  submarines), 
anti-missile  or  anti-aircraft  patrol,  command-post  operations,  etc. 

Long-range  tug  capability  for  smaller  or  special-purpose  chemically-fueled 
aircraft.  One  Interesting  mission  in  this  category  is  to  utilize  very  large 
nuclear  aircraft  circling  the  world  indefinitely.  Chemically-fueled  aircraft 
takeoff,  book  on  to  the  tug  for  a  "free  ride”  (perhaps  halfway  around  the 
world),  and  then  drop  off  to  land.  I^yload  capability  for  long  flights  is 
thereby  enormously  enhanced,  since  virtually  no  cruise  fuel  is  needed. 

2.  omL  missions 

Air  Freight  The  capability  for  weather  avoidance,  flight  legs  as  long  as 
necessary,  and  no  logistic  support  in  the  delivery  area  offers  enormous  im¬ 
provements  in  freight-carrying  cost  and  flexibility.  Sea-based  aircraft  may 
enhance  these  benefits.  The  high  payload  mass  capability  of  large  nuclear 


aircKft  over  long  rangea  also  often  pertinent  economic  advantagea  for  bnlk 
cargo  on  such  missions. 

Q^ansportlng  large,  special-purpose  unit  payloads  either  to  remote  (nn- 
supplled)  areas  or  over  long  distances;  e.g.,  construction  equipment,  mobile 
powerplants,  space  shuttle  orblters,  etc. 

Transporting  large  numben  of  passengers  over  long  distances  both  eco¬ 
nomically  and  rapidly;  e.g.,  an  extension  of  the  proposed  Laker  Airways 
Sky-train  concept. 

Airborne  research  platforms  for  earth  resources  studies,  earthquake  re¬ 
search,  meteorolo^cal  studies,  oceanographic  data-taklng,  and  other  NOAA 
and  Department  of  Interior  mlsslona 

Luxury  cruise  airlines,  using  mission  patterns  similar  to  those  of  surface 
cruise  ships,  but  touching  many  more  ports  during  a  specified  time  period. 

[Appendix  B] 

HETEBEIiCES  FOB  AUDITIONAL  BaCKOROUND 
VABIABLE-CTCXE  ENGINE 

1.  Swan,  Walter  C.,  “Performance  Problems  Related  to  Installation  of 
Future  Bhiglnes  In  both  Subsonic  and  Supersonic  Transport  Aircraft,”  (to  be 
published  In  Astronautics  &  Aeronautics,  February  197S). 

SCPEBSONIC  COMBUSTION  RAMJET  ENGINE 

1.  Oug^r,  Gordon  L.,  and  Bllllg,  Frederick  S.,  “Supersonic  Combustion 
Ramjeh"  AIAA  Student  Journal,  December  1973,  pp.  S-12. 

NEW  FUELS 

L  Brewer,  George  D.,  “The  Case  for  Hydrogen-Fueled  Transport  Aircraft," 
Astronautics  &  Aeronautics,  Vol.  12,  May  1974,  pp.  40-61. 

2.  Escher,  William  J.  D.,  “Future  Availability  of  Liquid  Hydrogen,”  Astro¬ 
nautics  Jt  Aeronautics,  Vol.  12,  May  1974,  pp.  56-59. 

NUCLEAB  AIBCBAFT  FBOPULBION 

1.  Wild,  John  M.,  “Nuclear  Propulsion  for  Aircraft,”  Astronautics  &  Aero¬ 
nautics,  March  1908,  pp.  24-30. 

2.  Rom,  Frank  B.,  “Airbreathing  Nuclear  Propulsion — ^A  New  Look,"  NASA 
TM  X-2426,  December  1971  (also  included  In  Nuclear  News,  Vol.  14,  October 
1971,  pp.  79-84,  87). 

FUEL  CONSERVATION 

1.  Grey,  Jerry  (Editor),  “Aircraft  Fuel  Conservation:  An  AIAA  View,” 
June  30,  1974. 

Senator  Goiowater,  Thank  you  very  much,  Dr.  Grey.  I  have  some 
questions  that  the  Chairman  wants  me  to  ask  and  then  I  have  a  few 
of  my  own.  Dr.  Grey,  NASA  has  a  responsibility  for  the  preserva¬ 
tion  of  the  United  States  as  a  leader  in  aeronautical  and  space  sci¬ 
ence  and  technolo^  and  in  the  applications  thereof  to  the  conduct 
of  peaceful  activities  within  and  outside  the  atmosphere.  Do  you  feel 
that  the  program  of  advanced  aeronautical  and  space  technology 
of  NASA  meets  that  responsibility? 

Dr.  Gbet.  In  general,  yes,  I  do  believe  so,  sir.  There  are  certain 
limitations,  however,  in  the  overall  funding  of  the  NASA  aeronau¬ 
tical  and  research  and  development  program  which  we  feel  could  be 
expanded  upon. 

For  example.  Dr.  Fletcher  noted  in  his  testimony  on  July  16  that 
the  variable  cycle  engine  is  really  not  receiving  enough  attention. 
We  certainly  could  devote  a  great  deal  more  money  and  effort  to 
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this  concept  since  it  represents  such  a  great  broad-based  potential  for 
future  capabilities. 

We  also  believe,  as  I  have  indicated  here  in  our  testimony,  that 
some  expansion  of  the  application  of  new  fuels  is  essential  because 
of  the  impending  shortage  of  petroleum  fuels.  Also,  consideration  of 
a  technology  program  in  nuclear  propulsion  is  warranted  in  the 
budget.  But  in  general,  the  maintenance  of  necessarily  strong  support 
of  aircraft  technology  is  properly  handled  at  the  present  time  bv 
NASA. 

Senator  Goldwater.  Well,  that  is  a  problem  that  we  on  this  com¬ 
mittee  and  the  Armed  Services  Committee  are  faced  with  constantly. 
It  is  not  easy  to  convince  other  members  of  the  Congress  of  the 
need  for  research  and  development,  even  of  the  need  for  maintaining 
our  lead  in  airplanes.  They  have  a  rather  warped  idea  on  the  sub¬ 
ject  of  priorities.  We  feel  that  the  maintenance  of  technological  ad¬ 
vancement,  particularly  in  fuel,  is  an  absolute  must.  So  I  would  sug¬ 
gest  that  through  your  publications  of  your  different  associations  you 
try  to  make  available  to  the  uninformed  the  kind  of  word  they  should 
be  getting  so  that  we  will  not  have  to  give  up  almost  when  we  know 
we  should  have  research  and  development  across  the  board  and  we 
have  a  hard  time  getting  it. 

Dr.  Grey.  Yes,  sir,  the  AIAA  does  that  in  every  avenue  that  we 
find  it  possible.  We  would  be  delighted  to  receive  any  suggestions 
that  you  or  other  members  of  the  committee  have  in  that  regard. 

Senator  Goij)water.  Just  get  the  word  out.  You  know  the  old  say¬ 
ing,  better  to  light  a  candle  than  complain  about  the  darkness.  We 
have  got  service  clubs  and  women’s  clubs  in  this  country  that  are 
just  beating  down  the  door  for  new  speakers  and  you  can  reduce  this 
to  understandable  language  and  maybe  get  them  enthused. 

Dr.  Grey.  We  are  in  the  process  of  doing  that  just  as  hard  and 
fast  as  we  can.  Thank  you  very  much  for  your  words  of  support. 

Senator  Goldwater.  Dr.  Grey,  do  you  think  it  would  be  possible 
for  the  aviation  industry  to  go  to  liquid  hydrocarbon  or  liquid 
methane  fuel  without  other  forms  of  transportation  also  going  that 
route  ? 

Dr.  Grey.  I  assume  you  mean  liquid  hydrogen  and  liquid  methane. 
We  do  not  believe  that  would  be  feasible  for  some  time  to  come.  As 
I  indicated,  the  basic  problem  in  implementing  liquid  hydrogen  is 
not  the  technology.  It  is  the  establishment  of  a  countrywide  logistic 
system  for  manufacturing,  distributing,  and  handling  it.  If  the  air¬ 
craft  industry  were  required  to  support  the  entire  cost  of  both  the 
development  and  implementation  of  that  distribution  system  I  do 
not  believe  it  would  be  at  all  economical.  We  would  need  to  have 
other  segments  of  the  economy  also  using  either  the  hydroegn  or 
methane. 

Senator  Goujwater.  That  question  leads  me  into  one  that  just 
came  to  my  mind  because  I  only  heard  about  it  yesterday.  There  is 
a  company  in  Arizona,  Anderson-Clayton.  whose  primary  concern 
actually  is  cotton  but  they  wrote  me  relative  to  a  program  thev 
heard  about  that  I  believe  the  Army  is  involved  in,  making  fuel 
from  leftovers,  manure,  and  so  forth  and  so  on.  In  fact,  the  man 


who  wrote  me  said  some  time  in  the  rather  immediate  past  was  con¬ 
ducting  an  experiment  using  alcohol. 

Have  you  done  any  work  in  that  area  ? 

Dr.  Gret.  There  has  been  some  work  done.  I  believe  that  the  use 
of  mixtures  of  alcohol  and  hydrocargon,  that  is,  conventional  petro¬ 
leum  derived  fuels,  has  proved  to  be  quite  effective  in  automative 
reciprocatiiig  engines.  Up  to  as  much  as  something  like  15  or  20  per¬ 
cent  ethyl  alcohol  in  conventional  gasolines  does  not  introduce  maior 
changes  in  engine  capability.  The  possible  use  of  ethanol  and  metha¬ 
nol  is  being  examined  in  other  segments  of  the  Government  at  this 
time. 

Mr.  SncPSON.  I  think  there  are  two  fuels  which  can  be  made  from 
any  vegetable  product,  sewage,  that  could  serve  as  fuel.  They  are 
methane  and  alcohol.  If  we  once  get  methane  or  alcohol,  it  can  be 
synthesized  into  most  any  kind  of  hydrocarbon  fuel  without  a  lot 
of  trouble. 

The  basic  problem  with  alcohol,  and  it  is  used  conventionally  in 
many  automobile  race  cars,  is  its  Btu  content.  Its  Btu  content  is 
about  5,500  Btu  per  pound  as  compared  to  18,400  for  normal  gaso¬ 
line.  So  it  would  take  three  times  as  much  of  it. 

Second,  alcohol  is  hygroscopic  and  it  picks  up  water  out  of  the 
atmosphere,  so  we  end  up  with  a  lot  of  water  mixed  in  with  the 
alcohol  which  produces  nothing.  But  certainly,  alcohol  as  an  inter¬ 
mediate  product  or  a  prime  source  of  fuel  is  quite  practical  and 
could  be  done.  Its  penalty  in  an  automobile  or  truck  or  some  such 
thing  as  this  would  be  much  less  than  it  would  be  in  an  aircraft 
because  it  does  not  cost  as  much  to  haul  the  extra  weight  around. 

Senator  Goldwateh.  It  would  not  require  any  changes  in  carbure- 
tion,  would  it? 

Mr.  Simpson.  Yes,  sir.  You  would  have  to  put  in  different  jets, 
but  no  basic  change.  I  mean,  bigger  lines  and  a  larger  orifice  in  the 
carburetion  system. 

Senator  Goldwateh.  Well,  we  have  General  Cooksey  with  us  from 
the  Army.  Maybe  he  could  drop  a  word  on  what  they  have  been 
doing. 

Dr.  Grey,  I  understand  the  Air  Force  is  looking  at  potential  ap¬ 
plications  for  nuclear  aircraft  propulsion  but  they  believe  that  higher 
temperature  capability  might  be  needed.  Yet.  you  state  that  current 
technology  is  adequate  for  nuclear  aircraft.  Could  vou  comment  on 
that? 

Dr.  Gret.  Yes,  sir.  I  think  this  is  a  very  important  point.  It  is 
one  of  the  basic  reasons  that  the  previous  ANP  program  ran  into 
such  difficulty.  That  is.  in  general  the  tendency  is  to  identify  the  best 
possible  performance  that  one  might  be  able  to  predict  and  try  to 
develop  hardware  to  meet  that  performance. 

For  example,  it  weald  be  very  nice  to  run  nuclear  airplane  engines 
at  temperatures  in  the  1.600°  or  1,700°  (F)  range,  but  it  has  been 
fnirlv  well  demonstrated  that  we  can  run  a  very  respectable  nuclear 
airplane  in  the  1,300°  or  1,400°  range,  which  is  within  the  -apabilitv 
of  current  technology.  It  would  not  be  as  good  an  airplane,  but  it 
would  be  developed  a  lot  faster  and  with  a  lot  less  effort  than  if  we 
try  to  advance  our  goals  too  rapidly  in  a  new  technology. 
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What  I  am  suggesting  here  is  that  even  in  an  advanced  field  like 
nuclear  propulsion,  small  steps  can  be  sometimes  more  effective  than 
trying  to  make  giant  steps.  In  effect,  today’s  technology,  that  is,  re¬ 
actors  which  would  generate  air  temperatures  in  the  1,200°  to  1,400° 
(F  )  range,  would  be  perfectly  acceptable  for  powering  subsonic  air¬ 
planes  of  good  size. 

Senator  Goldwater.  Of  course,  if  you  can  improve  on  our  knowl¬ 
edge  of  metal  you  can  get  into  those  higher  temperatures  ? 

Dr.  Grey.  Oh,  yes.  There  is  no  question  that  ultimately  high  tem¬ 
perature  development  is  always  an  improvement.  We  are  doing  the 
same  thing  in  our  conventionally-fueled  turbojets  today.  As  we  go  to 
higher  temperatures  the  performance  goes  up,  but  if  we  try  to  go  to 
higher  temperature  engines  too  early  in  the  game,  or  as  a  primary 
goal,  we  might  postpone  indefinitely  the  development  of  a  viable, 
safe,  and  economically  useful  engine. 

Senator  Goldwater.  What  would  you  envision  as  a  possible  sched¬ 
ule  for  the  development  of  a  nuclear  aircraft  and  what  size  aircraft 
would  this  be  and  again,  what  is  your  guess  as  to  the  cost  to  develop  ? 

Dr.  Grey.  These  are  questions  whose  answers  I  can  only  offer  as 
guesses,  since  there  is,  as  you  know,  no  current  program  in  nuclear 
propulsion  of  aircraft. 

During  the  next  decade,  I  see  nothing  more  than  a  technology 
program.  I  think  the  implementation  of  a  development  effort  any 
sooner  than  perhaps  8  to  10  years  from  now  might  tend  to  prejudice 
the  ultimate  development  of  a  viable  nuclear  airplane.  The  safety 
questions  have  to  be  answered  very  extensively  by  elaborate  ground 
testing,  including  exhaustive  subsystem  and  component  evaluation, 
long  before  an  engine  configuration  is  established.  Thus,  since  we 
should  not  even  begin  the  development  program  until  well  into  the 
next  decade,  it  would  be  very  close  to  the  end  of  the  century  before 
we  would  flight  test  a  nuclear  airplane.  Costwise,  I  would  foresee 
something  of  the  same  magnitude  of  the  AXP  program ;  That  is.  on 
the  order  of  $1  billion  over  perhaps  a  20-  or  25-year  period.  The 
cost  of  the  initial  technology  program,  however,  shouldn’t  amount  to 
more  than  a  few  million  dollars  a  year. 

Senator  Goldwater.  From  your  colleagues  around  the  world  do 
you  have  much  information  as  to  the  activity  of  the  other  countries 
in  this  nuclear  field? 

Dr.  Grey.  To  my  knowledge,  there  are  no  active  programs  any¬ 
where  in  the  world  on  nuclear  propelled  aircraft.  People  are  draw¬ 
ing  pictures  and  doing  preliminary  designs  of  large  airplanes  and 
there  are  even  some  program  projections  for  development  of  nuclear 
aircraft,  but  to  my  knowledge,  there  is  no  real  systems  analysis  or 
experimental  work  being  conducted. 

Senator  Goldwater.  Thank  you  very  much.  Dr.  Grey  and  Mr. 
Simpson.  It  has  been  a  pleasure  having  you  here.  It  has  been  a  verv 
interesting  presentation  and  you  lived  up  to  your  reputation. 

Dr.  Grey.  Thank  you  very  much. 

Senator  Goijjwater.  Our  next  witness  will  be  Mr.  Oscar  Bakke. 
formerly  Associate  Administrator  for  Aviation  Safetv,  FAA.  who 
will  discuss  the  impact  of  market  factors  on  advanced  aeronautical 
technology  systems. 
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[The  biography  of  Mr.  Bakke  follows ;] 

BiooBAFHT  or  Oscar  Bakke,  Former  Associate  Administrator  eor 
Aviation  Satett,  FAA 

Mr.  Oscar  Bakke  is  a  veteran  of  27  years  with  the  FAA  and  the  Civil 
Aeronautics  Board.  On  January  6,  1974  Mr.  Bakke  was  appointed  Associate 
Administrator  for  Aviation  Safety  in  the  FAA.  In  this  position  he  was  responsible 
for  aviation  safety  procedures,  aircraft  airworthiness,  airmen  training  and  certi* 
flcatlon  (including  medical  certification),  airport  safety  and  security,  flight  in¬ 
spection  of  navigation  aids,  and  safety  rulemaking.  Mr.  Bakke  retired  on  June  28, 
1974. 

Prior  to  his  last  position  in  FAA,  Mr.  Bakke  was  in  charge  of  FAA’s  European, 
African  and  Mid^e  East  region,  headquartered  in  Brussels,  Belgium.  Mr.  Bakke 
was  appointed  to  the  Brussels  post  in  1971  and  was  responsible  for  the  FAA  pro¬ 
grams  in  Europe,  Africa  and  the  Middle  East  including  the  certification  of  foreign 
aircraft  Intended  for  sale  in  the  United  States  (such  as  the  Concorde.  Airbus, 
Mercure.  Falcon,  VFW  614,  Ciorvette,  etc..),  the  flight  calibration  of  U.S.  radars 
and  navigation  aids  installed  abroad,  the  regulation  of  U.S.  air  carriers  and 
private  operators  outside  the  United  States,  the  promotion  of  U.S.  technology 
and  the  gathering  of  aviation  intelligence. 

Prior  to  his  overseas  assignment,  he  was  the  Federal  Aviation  Admin¬ 
istration’s  first  Associate  Administrator  for  Plans  heading  a  group  within 
FAA  assigned  to  develop  a  blueprint  for  a  comprehensive  program  to  enable 
the  agency  to  meet  the  projected  demands  of  aviation  growth  for  the  follow¬ 
ing  decade  and  beyond. 

In  August  1961  he  was  named  Director  of  the  FAA’s  Eastern  Region  in 
which  capacity  he  was  responsible  for  the  agency’s  operating  programs  in  IS 
northeastern  states.  His  appointment  as  Regional  Director  followed  the  an¬ 
nouncement  of  an  agency  decentraiiisation  plan  which  broadened  the  execu¬ 
tive  authority  of  regional  directors  and  improved  general  FAA  management. 
Bakke  was  selected  to  develop  a  prototype  decentralization  program  in  the 
Eastern  Region  which  subsequently  was  adopted  as  a  model  for  other  regions. 

A  veteran  pilot  with  experience  both  in  the  military  and  civil  aviation. 
Bakke  Joined  FAA  in  February  1960  as  Director  of  the  agency’s  Bureau  of 
Flight  Standards.  Before  joining  the  FAA,  Bakke  served  14  years  with  the 
Civil  Aeronautics  Board.  He  was  Director  of  the  CAB’e  Bureau  of  Safety 
from  1956  to  19W. 

During  Bakke’s  27  years  of  professional  experience  in  aviation,  he  served 
many  times  as  representative  and  chairman  of  U.S.  delegations  to  the  Inter¬ 
national  Civil  Aviation  Organization  (ICAO). 

Formerly  a  command  pilot  in  the  Air  Force  Reserve,  Bakke  is  author  of 
several  Air  Force  manuals  and  publications  on  Instrument  flying  and  radio 
navigation.  He  is  currently  a  Technical  Adviser  to  the  Radio  Technical 
Commission  for  Aeronautics  and  is  a  former  Director  at  Large  of  the  Ameri¬ 
can  Institute  of  Aeronautics  and  Astronautics. 

Bom  In  Bergen,  Norway,  Bakke  attended  Brooklyn  Technical  High  School 
and  Wagner  College  on  Staten  Island,  where  he  received  his  B.A.  deg^ree  in 
194L  Later,  while  attending  Brooklyn  Law  School,  he  was  called  to  active 
duty  with  the  Army  Air  Corps.  He  was  discharged  as  a  major  in  1M6  after 
serving  as  a  pilot  Instructor  In  the  Training  Command  and  as  an  air  navi¬ 
gation  speciaiist  on  the  Air  Corps  Instrument  Flying  Standardization  Board. 

Bakke  is  married  to  the  former  Astrid  Josephsen.  Mr.  and  Mrs.  Bakke 
are  the  parents  of  four  sons. 

STATEMEHT  OP  OSCAB  BASSE,  FOBHEBLT  ASSOCIATE 
ABMDnSTBATOB  FOR  AVIATION  SAFETY,  FAA 

Senator  Gouiwater,  You  may  proceed  with  your  prepared  text  or 
we  will  make  it  part  of  the  record  and  you  can  go  any  way  you  want. 

Mr.  Bakke.  All  right,  sir.  I  regret  I  have  no  prepared  text  to 
submit  to  the  committee  but  I  think  I  can  review  my  concerns  to  the 
committee  briefly  and  perhaps  place  some  suggestions  before  you. 


I  note,  Mr.  Chairman,  at  least  two  remarks  among  the  previous 
testimony  and  your  questions  concerning  the  testimony  which  has 
been  submitted  which  I  thought  were  rather  relevant  to  the  views 
that  I  would  like  to  propound.  One  was  your  reference  to  warped 
priorities  within  the  Congress  and  the  other  had  to  do  with  Dr. 
Grey’s  references  to  the  need  for  small  steps.  As  a  matter  of  fact, 
these  go  to  ^e  heart  of  the  principles  that  I  would  like  to  suggest 
to  the  committee,  the  first  being  that  we  have  to  a  very  considerable 
extent  compromised  the  effectiveness  of  our  technology  development 
progranu  within  the  United  States  by  reason  of  the  fact  that  we 
have  failed  to  take  the  governmental  actions  necessary  to  insure 
access  to  aeronautical  markets  and,  by  reason  of  that  fact,  much 
essential  development,  particularly  with  respect  to  aircraft  develop¬ 
ment,  has  not  t^en  place. 

Second,  we  have  been  altogether  too  mesmerized  with  the  need  for 
comprehensive  systems  developments.  In  the  light  of  the  Apollo  pro¬ 
gram  it  has  appeared  demeaning  to  take  small  incremental  steps  in 
technology  improvement.  I  agree  totally  with  Dr.  Grey  that  we 
should  reconsider  some  of  our  technology  development  programs  in 
this  light. 

I  believe  that  it  is  the  responsibility  of  this  committee  to  insure 
not  only  th^  specific  ad  hoc  technology  development  projects  are 
undertaken  in  the  United  States  but  that  there  also  exists  a  system 
which  insures  tliat  the  total  capability  of  the  United  States,  includ¬ 
ing  the  private  sector,  is  directed  toward  technology  development 
and  not  confined  to  Government-sponsored  programs.  The  na¬ 
tional  policy  which  is  to  be  adopted,  in  which  this  committee  will 
doubtless  have  a  very  important  role  in  the  priorities  to  be  estab¬ 
lish^,  must  be  considered  in  the  light  of  how  such  policies  may 
impinge  on  the  role  of  transportation  and  the  access  to  transporta¬ 
tion  markets.  Accordingly,  I  would  suggest  that  a  few  thoughts  are 
necessary  as  a  backdrop  to  the  further  consideration  of  this 
committee. 

We  have  had  opportimity  to  review  in  the  recent  past  the  possible 
contribution  of  aviation  to  the  increased  efficiencies  of  our  urban 
centers.  We  have  been  examining  the  role  of  transportation  in  achiev¬ 
ing  higher  orders  of  efficiencies  in  our  major  cities.  We  have  played 
with  the  thought  that,  if  aviation  could  gain  access  to  our  city  cen¬ 
ters,  there  is  another  order  of  contribution  that  could  be  made  in  the 
increase  of  the  commercial  and  industrial  efficiency  of  those  cities. 
Several  efforts  have  been  made  but  I  would  like  to  refer  to  just  a 
couple  of  them  as  illustrative  of  the  problem  we  have  encountered. 

At  the  foot  of  the  World  Trade  Center  in  New  York  there  lies  a 
strip  of  new  real  estate  which  was  created  by  the  Port  of  New  York 
Authority  by  landfill  which  represents  approximately  100  acres  of 
property,  a  strip  about  900  feet  wide,  almost  2,000  feet  in  length. 

In  anticipation  of  the  availability  of  this  strip,  we  sought  its  use 
at  least  on  a  temporary  basis  for  STOL  access  to  the  financial  dis¬ 
trict  of  Manhattan.  I  know  that  time  does  not  permit  a  detailed  ex¬ 
ploration  of  its  advantages  and  disadvantages  but  I  would  like  merely 
to  summarize  and  would  be  happy  to  add  to  the  record  further  if  the 
committee  so  desires. 
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Particularly  among  the  operators  of  small  less  sophisticated  air¬ 
craft,  there  was  unanimous  support  for  the  use  of  this  strip  on  a 
temporary  basis  by  existing  aircraft  on  a  nonsubsidy  basis,  the  use 
of  which  could  begin  imm^ately. 

All  of  the  operators  who  were  consulted  during  this  examination 
were  of  the  view  that  immediately  upon  the  beginning  of  such  opera¬ 
tion,  the  air  carriers  concerned  would  be  caught  up  in  the  normal 
cost  escalation  process  and  would  need  relief  through  what  has 
throughout  the  histo^  of  aviation  been  a  normal  incremental  de¬ 
velopment  of  productivity.  They  would  look  for  the  next  generation 
of  aircraft.  The  first  operation  would  have  involved  something  like 
the  Twin  Otter,  dash  300  series.  It  would  have  been  a  19-passenger 
aircraft.  Within  3  years  they  suggested  it  would  be  necessary  to  con¬ 
sider  an  aircraft  possibly  double  that  size.  Perhaps  within  the  next  7 
years  an  aircraft  double  that  size  again.  So  that  over  the  next  15 
years  there  would  be  perhaps  four  or  five  developmental  increments 
which  would  bring  us  ultimately  to  the  optimum  sized  aircraft  for 
that  market.  Were  such  incremental  development  possible,  the  car¬ 
riers  were  confident  that  such  operation  could  be  conducted  without 
the  need  for  Federal  subsidy. 

The  fact  is,  however,  the  decision  was  made  not  to  allow  the  use 
of  this  property  for  that  purpose.  That  property  has  now  lain  vacant 
except  for  the  storage  of  construction  materials  and  building  equip¬ 
ment,  for  the  last  4  or  5  years.  It  could  have  been  used  for  a  far 
more  essential  purpose.  The  decision,  however,  not  to  permit  its  use 
for  such  purposes  was  largely  political.  Aviation  within  the  citv 
represented  a  high  political  risk  program.  There  were  too  many  anti¬ 
technologists.  t<w  many  environmentalists  and  others,  without  ade¬ 
quate  cause  I  should  say,  who  were  in  opposition  to  the  program. 
There  was  also  a  bit  of  deal-making  which  stipulated  that  there 
should  be  no  major  urban  development  which  does  not  include  a 
substantial  portion  of  that  development  as  low  cost  housing.  In 
other  words,  it  is  in  effect  an  effort  to  preserve  a  kind  of  political 
status  quo  by  containment  of  a  welfare  constituency. 

In  1967  we  persuaded  the  city  of  New  York  to  publish  a  request 
for  proposals  for  an  economic  and  engineering  feasibility  study  of 
a  huge  multifunctional  structure  to  Iw  built  on  Manhattan  Island 
over  the  present  dilapidated  piei-s  centered  approximately  at  34th 
Street.  This  undertaking  was  to  integrate  steel  wheeled,  rubber  tired, 
water  borne  and  air  vehicle  (VTOL  and  STOL)  terminal  facilities 
within  the  structure  and  to  exploit  this  tremendous  concentration  of 
transportation  by  including  more  than  15  million  square  feet  of 
salable  commercial  and  industrial  space.  Although  nine  excellent  pro¬ 
posals  were  submitted  in  response  to  the  RFP,  and  although  the 
Federal  Government  offered  to  fund  half  the  cost  of  the  studies,  the 
mayor  decided  to  abandon  the  investigation  when  communities  in 
the  vicinity  of  the  site  protested  the  impact  such  a  development 
would  have  upon  existing  patterns  of  land  use. 

When  you  spoke  of  inverted  priorities,  Mr.  Chairman.  I  recalled 
particularly  as  a  result  of  visits  last  week  to  the  city  of  Newark, 
the  self-defeating  impact  of  programs  that  have  been  purely  socially 
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motivated,  that  have  sought  to  restructure  our  major  cities  to  achieve 
social  objectives  only — Chousing,  education,  health  care,  cultural  pur¬ 
poses  have  been  sought.  Anyone  who  has  the  opportunity  to  visit 
some  of  the  projects  in  the  city  of  Newark  that  have  been  accom¬ 
plished  within  the  last  decade,  I  think  will  agree  that  they  have 
miserably  failed  to  accomplish  their  purpose.  We  have  neglected  to 
focus  on  the  proposition  that  a  city  needs  economic  reason  for  exist¬ 
ence  and  that,  imless  that  reason  for  existence  continues,  the  possi¬ 
bility  of  generating  and  distributing  wealth,  of  creating  jobs  and  of 
making  meaning^l  participation  in  the  economic  life  of  the  Nation 
will  not  be  permitted  to  its  occupants.  Obviously,  transportation  has 
a  vital  role  to  play  in  insuring  the  economic  efficiency  of  the  city. 
And  the  final  step  of  the  process  is  that,  were  transportation  given 
an  opportunity  to  participate  in  insuring  the  continued  efficiency  of 
the  city,  the  possibilities  of  an  incremental  development  of  aircraft 
technology  by  the  private  sector  would  have  been  enhanced. 

Several  aircraft  manufacturers  had  given  us  assurance  during  the 
mid-dxties  that,  were  access  to  the  city  of  New  York  guaranteed, 
they  would  begin  immediately  the  development  of  a  prototype 
VSTOL  aircraft  for  such  service.  In  a  couple  of  cases  we  had  assur¬ 
ances  that  production  of  such  an  aircraft  would  be  initiated  imme¬ 
diately  upon  access  to  a  major  urban  market.  However,  although  we 
have  attempted  such  access  in  at  least  a  dozen  cities  of  the  United 
States,  we  have  met  with  little  success,  not  for  lack  of  economic 
justification  or  because  of  technological  deficiencies  but  simply  be¬ 
cause  governmental  decision  majking  and  action  were  not  forthcoming. 

There  is  an  ironic  twist  to  this  fact  because,  as  you  will  recall.  Mr. 
Chairman,  the  basic  strategy  which  underlay  the  development  of  the 
Airport  Airways  Development  Act  of  1970  was  to  create  a  fund 
of  money  to  be  available  at  the  Federal  level  and  a  system  of  distri¬ 
bution  which  would  in  effect  increase  the  bargaining  power  of  the 
Federal  negotiators  for  the  development  of  air  transportation  sys¬ 
tems.  While  there  may  very  well  be  great  merit  in  the  objectives  of 
special  revenue-sharing  in  other  programs,  it  is  especially  inappropri¬ 
ate  to  air  commerce. 

I  would  suggest  to  you  that  the  most  important  s!  ".gle  force  which 
shapes  transportation  systems  in  the  United  States  is  the  control  of 
land  use.  The  control  of  land  use  in  the  United  States  is  typically 
exercised  by  our  smallest  political  jurisdictions.  The  smallest  politi¬ 
cal  jurisdictions  are  typically  motivated  primarily  by  the  preserva¬ 
tion  or  the  extension  of  the  community.  Anything  which  constitutes 
a  threat  to  the  community,  will  as  a  matter  of  natural  course  be  re¬ 
jected  by  local  government,  however  great  the  regional  or  national 
needs  may  be.  Accordingly,  some  kind  of  balance  to  insure  that  the 
regional  and  national  requirements  for  transportation  are  met  is 
essential. 

The  Airport  Airways  Development  Act  was  intended  to  provide 
a  better  balance.  The  seeking  of  that  balance,  Mr.  Chairman,  has 
not  been  one  of  the  principal  objectives  in  the  use  of  the  new  Fed- 
ral  powers  under  the  Airport  Airways  Development  Act. 

I  would  suggest  to  you  that  this  committee  might  very  well  con¬ 
sider  that  development  of  new  aviation  technology  is  of  and  by  itself 
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a  fruitless  effort  unless  provision  is  msule  in  government  to  insure 
that  that  new  technology  does  in  fact  result  in  access  to  essential 
markets.  And  in  the  process  of  doing  that,  I  would  suggest  to  you 
as  well  that  a  far  more  effective  solution  can  be  developed  for  the 
ills  of  our  major  metropolitan  areas.  There  are  numerous  persons  and 
organizations  outside  Government  who  are  capable  of  making  signifi¬ 
cant  contributions  to  aviation  technology  development — it  is  by  no 
means  primarily  a  governmental  mission.  The  opening  of  transporta¬ 
tion  market  is  a  completely  different  situation,  however  it  can 
only  be  accomplished  through  governmental  action.  Unless  Govern¬ 
ment  is  prepared  to  carry  out  its  responsibilities  in  land  use  control 
and  other  relatedjurisdictional  areas,  no  amount  of  technology  de¬ 
velopment  will  suffice. 

That  in  general,  Mr.  Chairman,  is  the  thesis  that  I  would  like  to 
lay  before  you.  Now  or  at  some  other  convenient  opportunity,  I 
would  be  delighted  to  pursue  it  further  should  the  committee  find 
it  of  interest. 

Senator  Goldwater-  I  want  to  thank  you  very  much  for  that  very 
interesting  approach.  This  is  a  major  problem  for  those  of  us  in  the 
Congress  who  realize  the  importance  of  research  and  development. 
We  are  divided  in  this  Congress.  We  have  those  who  feel  that 
Federal  money  creates  jobs.  It  does  not.  The  only  progress  we  make 
in  this  country  is  when  the  Government  works  hand  in  hand  with 
industry  and  the  academics  to  create  new  tools  and  new  items.  This 
may  sound  strange  coming  from  one  who  is  supposed  to  be  a  bad 
old  conservative,  but  I  realize  that  the  time  has  long  been  with  us 
when  real  research  and  development  cannot  be  engaged  in  by  the 
private  sector  alone. 

I  am  thinking,  for  example,  of  the  SST,  and  had  Boeing  under¬ 
taken  to  do  that,  I  think  it  would  have  required  four  times  its  corpo¬ 
rate  worth.  So  the  Federal  Government  has  to,  I  think,  assume  more 
and  more  of  the  role  on  a  pay-’back  basis.  If  we  can  do  that,  we  will 
get  the  research  and  development  going. 

I  am  afraid  we  have  lagged.  We  are  trying  to  cut  the  military 
R.  &  D.  every  year.  I  do  not  think  that  is  wise.  We  are  not  develop¬ 
ing  new  items  as  fast  as  I  would  like  to  see  them  developed,  al¬ 
though  I  suppose  we  can  say  we  lead  the  world  in  technological 
developments,  electronic  developments,  and  so  forth. 

So  I  appreciate  very  much  what  you  have  said.  We  have  no  ques¬ 
tions  to  ask  you  because  we  did  not  have  a  prepared  text  and  that  is 
the  only  way  we  can  sneak  up  on  you. 

Anything  you  would  like  to  enlarge  on,  add  anything  to  it,  you 
can  send  your  papers  in  at  any  time.  I  want  to  thank  you  for  being 
with  us. 

Mr.  Bakk’='  Thank  you  very  much,  sir. 

Senator  Goldwater.  Our  next  witness  will  be  Maj.  Gen.  Howard 
Cooksey.  Deputy  Chief  of  Staff  for  Research,  Development  and 
Acquisition,  U.S.  Army,  and  with  him  will  be  Paul  Yaggy,  Di¬ 
rector  of  Research,  Development  and  Engineering,  U.S.  Army  Avia¬ 
tion  Systems  Command. 

[The  biographies  of  General  Cooksey  and  Mr.  Yaggy  follow :] 
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Biogbatht  01  ICaj.  Obx.  Hovaxo  H.  Oooxuct,  DBA 

Howard  H.  Cookaey  waa  bom  In  BrentavlUe,  Vlrgliila.  on  21  June  1821, 
sradnated  from  Manaaaaa  High  Sdiool,  Manamaa  Virg^,  in  Jnne  1888 
and  from  Virginia  PolTtecbnic  Inatltnte,  UaAabnrg,  Virginia  in  1848. 

He  began  hia  military  career  when  he  gindnated  from  Offlcera  Candidate 
8dK)ol,  Fort  Banning,  Georgia,  in  July  1848  and  later  attended  the  Armor 
School  at  Fort  Knox,  Kentndiy. 

Hia  aerrice  Includea  a  tonr  with  the  168th  Begimmtal  Cwnbat  Team  dur¬ 
ing  the  Northern  PhiUppinea  and  Lnaon  campalgna  in  World  War  II;  here 
he  waa  awarded  the  Bronae  Star.  Combat  Infantry  Man’s  Badge  and  the 
Purple  Heart. 

During  the  Korean  War,  he  served  with  the  7th  Infantry  (Hour  Glass) 
Division,  earning  two  Oak  Leaf  Clusters  to  the  Bronae  Star  and  a  seccmd 
award  of  the  Combat  Infantry  Man’s  Badge. 

He  served  as  Deputy  Commander,  2d  Battle  Group,  Otb  Infantry  upgimont, 
in  Berlin,  in  1861-1862,  and  later  commanded  the  Brigade,  2d  Infantry 
Division,  in  Korea,  in  1866-1867. 

Betnrnlng  from  the  war  in  1846,  he  held  a  number  of  administrative  and 
onnmand  positions  before  being  assigned  as  Assistant  Professor,  Military 
Science  and  TVtctics  at  Drexel  Institute,  Philadelphia,  Pennsylvania,  in  1848- 
1851 

From  1864  to  1868,  he  was  assigned  as  a  staff  olBcer  with  the  Oillce,  Chief 
of  Besearch  and  D^lopment,  in  Washington,  D.C.,  before  attending  the 
Armed  Forces  Staff  College  in  18(18. 

From  1860  to  18^  he  served  with  Headhuarters,  United  States  European 
Command,  in  the  Joint  Secretariat 

He  attended  the  National  War  College  in  Washington,  D.C.,  in  1862-1868 
and  following  graduation  became  Deputy  Chief,  Combat  Materiel  Division, 
Office  Chief  of  Researdi  nnd  Devdopment  Department  of  the  Army.  In 
February  1866,  he  became  Chief  of  the  Combat  Materiel  Division,  and  later 
in  1866  he  was  assigned  as  Executive  to  the  Chief  of  Research  and  De¬ 
velopment  prior  to  being  asdgned  as  Commander,  1st  Brigade,  2d  Infantry 
Division  in  Korea, 

From  September  1867  to  May  1868,  be  served  as  Director  of  Personnel 
(Jl),  US  Strike  Command,  MacDiU  Air  Force  Base,  Florida. 

In  Jnne  1868,  General  Cooksey  was  assigned  as  Assistant  Division  Com¬ 
mander,  28d  Infantry  Division  (Americal),  Vietnam,  a  position  which  he 
held  until  May  1868,  when  he  became  Dd>uty  Chief  of  Staff,  Plans  and  Op¬ 
erations,  US  Army,  Vietnam.  In  April  1868,  be  was  awarded  the  Silver  Star, 
and  prior  to  his  departure  frum  Vietnam  he  received  the  Distinguished  Serv¬ 
ice  Medal. 

He  returned  to  CONUS  in  December  1868  and  on  10  January  1870  assumed 
command  of  the  US  Army  Training  Center,  Infantry,  and  Fort  Dix,  Fort  Dix, 
New  Jersey.  He  held  this  position  nntU  6  May  1872  when  be  returned  to 
Da  Nang,  Vietnam,  to  assume  command  of  the  First  Regional  Assistance 
Command,  United  States  Military  Assistance  Command,  Vietnam,  on  80  May 
1872. 

General  Cooksey  departed  his  headquarters  in  Da  Nang  on  26  January 
lOTO  to  assume  additional  duties  as  Acting  Chief  of  Staff,  United  States 
Military  Assistance  Command,  Vietnam,  during  the  period  following  the  sign¬ 
ing  of  the  Vietnam  Cease-Fire  Accords.  On  28  March  1873,  he  moved  to 
Nakhon  Pbanom,  Thailand,  and  became  the  Deputy  Commander,  United 
States  Support  Activities  Oroup/7tb  Air  Force. 

General  Cooksey  was  assigned  as  Deputy  Chief  of  Research  and  Develop¬ 
ment,  Department  of  the  Army,  on  2  November  1878.  He  is  presently  serving 
as  Acting  Chief  of  Research,  Development  and  Acquisition. 


Biookapht  of  Paul  F,  Taoot,  U.S.  Abut  Ajb  Mobiutt  Rxseabch  Ain> 
DEVELOPUEirT  Laboeatobt,  Moffett  Fidj>,  Cauf. 

Paul  Francis  Taggy  was  bom  In  Detroit,  Michigan,  on  4  August  1828.  His 
high  school  years  were  spent  at  Vermilion  High  School,  Vermilion,  Ohio,  and 
at  Dover  High  School  in  Dover,  New  Jersey,  where  he  was  graduated  in 
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IMl.  He  reortTed  hie  ooUece  edncetion  et  Teylor  UnlTenity,  Upleiid,  IndUme, 
the  UnlTenlty  of  Notre  Dune,  Sonth  Bend,  Indiana,  airf  San  JToae  State 
College,  San  Joee,  Callfomia,  where  he  was  gndoated  with  dlstlnctlan  (honors 
In  englneerlBg)  with  a  BSBE.  Mr.  Taggy  haa  imraned  gradnate  stodr  at 
Stanford  UnlTeraltr,  Stanford,  California,  since  1S67. 

Front  UMS-IMS,  Mr.  Taggjr  waa  on  actlee  dnty  with  the  U.S.  Naey.  Follow¬ 
ing  an  IntuialTe  college  training  program  1:.  aeronantlcal  engineering  tma 
which  he  waa  gradnated  in  1944,  he  waa  asalgned  aa  an  Aircraft  Maintenance 
Odlcer,  serving  one  year  In  a  qieeial  detachment  at  the  Amea  Aertmantteal 
Laboratory  of  the  National  Advlamry  Committee  for  Aenmantica  at  MoSiett 
Field,  Callfomia,  doing  wind  tnnnri  research  on  varlona  World  War  II  air¬ 
craft  at  high  subaonic  q>eeda.  He  was  released  to  Inactive  dnty  In  the  fall 
of  1946. 

From  October  1946  to  July  1961,  he  held  a  sncceasion  of  engineering  poai- 
tiona  aa  a  dvlUan  employee  of  the  National  Advisory  Committee  for  Aero- 
nantlcs  at  Mdfett  Field,  California. 

Beoalled  to  active  dnty  with  the  IJ.S.  Navy  during  the  Korean  conflict 
in  1961,  Mr.  Taggy  snpervtaed  the  maintenance  of  a  sqnadron  of  A8W  air¬ 
craft  In  addition  to  serving  as  chairman  of  all  aircraft  accident  boards  for 
the  aqnadron. 

Following  hla  retnra  to  civilian  atatns  In  November  1962,  be  retnmed  to 
the  NACA  at  Moffett  Field,  California,  as  a  reaearcb  scientist.  He  has  at¬ 
tained  local  and  national  recognition  in  the  spedflc  phases  of  V/^TOL  air¬ 
craft  related  to  rotors,  propdlera,  and  dncted  fans,  and  has  smred  as  a 
conanltant  to  indnatri^  the  Armed  Forces,  and  other  NACA  Clenters.  With  the 
redeslgnatlon  of  the  NACA  to  Amea  RcMareh  Center,  National  Aieronantlcs 
and  Spaoe  Administration,  Mr.  Taggy’s  Increased  responalblUtlea  inclnded  re¬ 
search  on  recovery  systems  for  spacecraft  and  lifting  body  reentry  vehidea. 
In  1966  he  waa  appointed  Technical  Director  of  the  U.S.  Army  Aeronantlcal 
Beaearch  Laboratory  at  Ames.  He  served  In  this  capacity  from  the  date  of 
its  eatabliatiment  nntll  his  assignment  in  1970  aa  Director  of  the  Army  Air 
Mobility  Beaearch  and  Development  Laboratory  complex  established  that  year. 

Mr.  Yaggy  is  an  Associate  Fellow  of  the  American  Institute  of  Aeronantics 
and  Astronautics.  He  has  served  on  Technical  Committees  of  the  institnte  of 
Aeronantics  and  Astronautics,  the  Society  of  Automotive  Engineers,  and  the 
American  Helicopter  Society.  He  serves  on  the  Board  of  Directors  of  the 
American  Helicopter  Society  as  a  Director-at'-Large,  and  received  the  Society’s 
1972  Dr.  Alexander  Klemin  Award  presented  for  “notable  achievement  in  the 
advancement  of  rotary-wing  aeronautics".  Mr.  Yaggy  is  currently  Deputy 
Chairman  of  the  Fluid  Dynamics  Panel  of  the  Advisory  Group  for  Aerospace 
Beaearch  and  Development  of  the  North  Atlantic  Treaty  Organisation,  hav¬ 
ing  served  on  this  Panel  in  various  capacities  In  recent  yearn  He  has  served 
on  the  NASA  Advisory  Subcommittee  for  Aircraft  Aero^namics.  He  is  the 
author,  or  co-author,  of  numerous  published  technical  papers.  As  an  Assistant 
Professor  at  San  Jose  State  (College,  Mr.  Yaggy  has  also  taught  engineering 
courses.  He  has  been  a  guest  lecturer  at  the  von  Karman  Institute  in  Brussels, 
Belgium,  the  Boyal  Aeronautical  Society  in  London,  England,  and  at  Stanford 
University  In  Stanford,  California. 

STATEMEHT  OF  MAJ.  OEH.  HOWAXD  H.  COOXSET,  ACmrO  CHIEF 
OF  EESEABCH,  DEVELOFXEET,  AHl)  AOOTJISinOR,  V.S.  AXXT, 
AGOOKPAHIED  BT  FAT7L  F.  TAOGT,  BIBECTOE  OF  EESEABCH, 
DEVELOFXEHT,  AHI)  EHOUTEEBIHO,  TJ.S.  ABUT  AVIATIOH  SYS¬ 
TEMS  COMMAHD 

Senator  Goidwater.  General,  you  may  proceed  as  you  desire.  We 
can  make  your  formal  presentation  a  part  of  the  record  and  you  can 
take  off  any  way  you  want. 

^neral  Cooksey.  Thank  you  very  much,  Mr.  Chairman. 

We  have,  as  you  know,  submitted  material  for  the  record.  We 
would  like  to  talk  about  that  shortly,  not  cover  the  entire  thin^. 


We  feel  we  do  have  a  veiy  dynamic  technolo^  program.  We  have 
selected  three  flight  concepts  and  one  propulsion  concept  whi(^  we 
ImI  are  representative  of  our  program  and  we  would  like  to  discuss 
those  with  you. 

Mr.  Paul  Yag^,  as  you  have  said,  is  the  director  of  our  research, 
development,  ana  engineering  laboratories  at  the  Aviation  Systems 
Command.  He  will  make  our  presentation.  Mr.  Yag^. 

Mr.  Yaoot.  Senator,  with  your  permission,  I  would  like  to  make 
my  presentation  standing,  addressing  the  vugraphs. 

Senator  GoLDWATEat  Go  right  ahead.  We  can  turn  the  lights  down. 

Mr.  Yaoot.  Senator,  as  I  am  sure  you  are  aware,  in  the  p^ 
decade  the  Army  has  found  a  significantly  increased  use  for  air¬ 
craft  and  particularly  those  which  provide  VTOL  capability.  This 
capability,  in  our  interpretation,  is  manifested  primarily  in  the 
rotary  wing  type  aircraft.  We  have  pursued  these  areas  of  tech¬ 
nology,  in  advance  of  requirements  which  we  envision  in  the  future 
because  we  have  found  ourselves  in  excess  of  the  state  of  the  art  of 
the  technology  which  we  have  available  to  us.  We  have  attempted  to 
demoi^rate  our  foresight  in  that  regard  because  we  realize  that 
there  is  no  justification  for  us  to  enter  knowledgeably  into  produc¬ 
tion  of  the  technology  which  has  not  had  significant  reduction  in 
risk.  Therefore,  our  goals  are  set  in  that  fashion. 

This  next  slide  (fig.  1)  indicates  the  goals  that  we  have  selected. 
First,  we  look  at  the  matter  of  cost.  This  may  sound  rather 
strange  for  a  technologist  but  it  is  extremely  important  to  us  that 


ARHY  WIATIDW  SCIAIS 

DECREASE  SYSTEM  LIFE  aCl£  COSTS 

IMPROVE  AIRCRAFT  PERFORMANCE  AND  MANEUVERABILITY 

INCREASE  SAFETY  AND  SURVIVABILITY  WITH  REDUCED  VULNERABILITY 

WROVE  AIRCRAFT  DYNAMICS/STRUCTURAL  CHARACTERISTS  WITH  INCREASED 
RELIABILITY 
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we  do  sta^  wthin  limits  which  we  can  afford.  That  means  not  just 
the  acquisition  cost  but  the  life  cycle  cost  as  well.  We  attempt  to 
then,  improved  aircraft  performance  and  maneuverability 
which  18  so  important  to  our  mission  because  so  much  of  it  is  in  the 
nap  of  the  Mith  and  at  low  level. 

In  ^dition  to  that,  because  of  these  types  of  operations,  we  also 
have  the  need  for  safety  and  survivability  and  reduction  in  vulnera- 
bility,  but  ril  of  these  potentials  would  be  of  very  little  worth  if 
it  were  not  that  we  had  an  aircraft  which  has  dynamic  and  structural 
characteristics  commensurate  with  increased  reliability.  So  our  time 
IS  limited. 

•  TT*  have  chosen  to  show  these  four  areas.  We  pursue  these  both 
in-house  and  by  contracts,  by  international  and  national  efforts.  We 
pu^e  it  ]omtly  with  our  sister  services,  the  Air  Force  and  Navy, 
^"  through  our  unique  arrangements  for  joint  participation  with 

.A.O.A.* 

We  of  course,  the  custqmaiy  facilities  such  as  wind  tunnels, 
night  simulators  and  computational  analysis  which  are  characteristic 
of  our  area. 

The  ^pe  of  my  presentation  is  indicated  on  this  slide  (fig.  2). 
We  will  deal  with  these  four  which  General  Cooksey  has  already 
mentioned,  three  of  them  are  demonstrators  and  one  is  an  engine 
pro^m.  These  will  give  you  the  spirit  and  character  of  our  efforts. 
Obviously,  the  program  is  much  too  broad  to  encompass  in  anv 
other  manner  of  presentation. 


SCOFF 

AIRCRAFT  SYSTEH  DEMONSTRATORS 

•  ADVANCING  BLADE  CONCEPT  (ABC) 

•  ROTOR  SYSTEM  RESEARCH  AIRCRAFT  (RSRA) 

•  TILT  ROTOR  AIR  VEHICLE 

ENGINES 

•  SMAa  TURBINE  ENGINE  GAS  GENERATOR  (STAGG) 
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First,  I  would  like  to  address  the  concept  known  as  the  Advancing 
Blades  Concept  (Ag.  3).  This  concept  is  one  which  uses  a  counter- 


Figtjbe  3 

rotating  hingeless  rotor  such  as  you  see  here.  It  is  constructed  with  a 
titanium  spar  blade  which  has  a  fiberglass  cover  and  along  with  the 
other  characteristics  of  this  vehicle  tends  to  reduce  its  vulnerability 
and  increase  its  survivability,  providing  additional  safety.  The  tail 
rotor  characteristically  foimd  on  conventional  helicopters  is  elimi¬ 
nate.  This  is  accomplished  by  controlling,  differentially,  the  rotors 
to  give  directional  control. 

Most  unique  about  this  vehicle  is  its  capability  for  providing  lift, 
and  that  I  will  discuss  in  just  a  moment. 

The  next  slide  (fig.  4,  p.  157)  indicates  some  of  the  characteristics 
and  objectives  of  this  program :  increased  safety  through  the  elimi¬ 
nation  of  the  tail  rotor  and  reduced  acquisition  and  maintenance 
costs.  We  are  interested  in  the  ABC’s  high  speed  potential  capability. 

Senator  Goldwater.  Is  Sikorsky  building  this  for  you? 

Mr.  Yagot.  Yes,  sir. 

Senator  Goldwater.  I  saw  this  model  out  there  last  year. 

Mr.  Yagot.  All  right,  sir,  since  you  are  somewhat  familiar,  I  will 
shorten  my  presentation. 

Senator  Goldwater.  Do  not  do  that. 

Mr.  Yaggt.  We  do  have  high  speed  capability  in  this  vehicle 
up  to  300  knots  which  is  a  capability  not  inherent  in  rotor  systems 
m  general.  We  have  reduced  maintenance,  as  I  mentioned,  but  more 
than  that  we  provide  good  maneuverability.  This  maneuverability 
comes  from  the  rotor  system  I  will  describe  in  a  moment,  and  also 
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ABC  POTENTIAL 

ADVANTAGES 


o  TAIL  ROTOR  ELIMINATED 

O  HIGH  SPEED  CAPABILITY  WITH  AUXILIARY  THRUST 
(300  knots) 

o  REDUCED  MAINTENANCE 
«  GOOD  MANEUVERABILITY 
o  SMALL  ROTOR  DIAMETER 
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ABC 

200  knots 


1200  lb  1200  lb 

Advancing  blade 


ADVANCING  SLADE 

j 

I 

( 

J 

ADVANCING  BLADE  FULLY  USED 
LIFTS  1200  Ib  not  153  lb 


A 
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we  have  a  smaller  rotor  diameter  because  of  the  counter-rotating 
characteristics  and  by  removing  the  tail  rotor  we  are  able  to  get 
into  smaller  areas,  which  is  very  important  in  the  Army’s  missions. 

The  next  slide  (fig.  5,  p.  157)  indicates  the  significant  character¬ 
istics  of  this  vehicle.  Customarily,  in  a  single  rotor  vehicle,  the  re¬ 
treating  blades,  that  is  this  blade  which  is  moving  away  from  the 
oncoming  airstream,  suffers  stalling  and  consequently  cannot  carry 
its  share  of  the  lift.  Therefore,  in  order  to  maintain  balance  on  the 
vehicle  the  advancing  blade  must  also  reduce  its  lift  carrying  capa¬ 
bility  and  at  200  knots,  as  noted  at  the  bottom  of  the  slide,  a 
conventional  helicopter  can  only  carry  133  pounds  on  each  of  the 
rotor  systems  compared  with  1,200  pounds  for  the  ABC.  Therefore, 
in  order  to  get  the  high  speed  from  compounding  rather  than 
putting  a  lifting  surface  on  tms  vehicle  it  is  possible  for  us  to  simply 
compound  for  thrust  and  carry  the  lift  continuously  on  the  rotor 
itself.  Because  of  the  ability  of  the  rotor  itself  to  carry  offset  loads, 
with  each  stage  cancelling  the  other,  we  are  able  to  maintain  signifi¬ 
cant  lift  during  maneuver,  thus  increasing  agility  and  controllability, 
whether  in  hover - 

Senator  Goij)wati;r.  Those  are  counter-rotating  ? 

Mr.  Yaggy.  Yes,  sir.  I  will  set  it  right  here  so  you  can  see  it. 

Senator  Goldwatkr.  In  the  maneuvering,  does  the  rudder  act  as 
efficiently  as  the  tail  rotor  would  operate  in  a  turn? 

Mr.  Yaggy.  Sir,  at  higher  speed  flighty  the  tail  surfaces  become 
as  effective  as  they  would  in  the  fixed  wing  aircraft.  In  hover  mode 
we  get  the  same  type  of  control  as  we  do  in  ordinary  helicopter  ap¬ 
plications,  except  we  get  the  differential  control  of  the  two  stages 
so  there  is  a  resulting  torque  applied  to  the  vehicle  because  of  the 
torque  that  is  applied  on  each  stage. 

Senator  Goldwater.  That  comes  from  the  rudder  pedals  ? 

Mr.  Yaggy.  Yes,  sir.  Interconnected  and  phased  out  depending 
on  the  cruise  speed. 

Senator  Goldwater.  And  the  control  of  the  aircraft  would  be  the 
same  as  on  a  conventional  helicopter. 

Mr.  Yaggy.  Yes,  sir.  The  pilot  is  not  aware  that  he  had  anything 
different  than  he  had  before. 

Senator  Goldwater.  Would  the  rigid  rotor  concept  work  ? 

Mr.  Yaggy.  Sure.  This  is  a  rigid  rotor.  It  is  hmgeless.  It  has  no 
flapping  hinges  and  no  lag  hinges.  It  is  a  very  stiff  rotor.  Conse¬ 
quently,  that  reduces  the  vulnerability ;  increases  survivability.  As  I 
indicated  that  is  combining  structural  techniques  with  the - 

Senator  Goldwai’er.  I  understand  the  rigid  rotor  is  the  most  effi¬ 
cient  rotor  system  but  it  does  have  a  weakness  in  lateral  movements, 
quick  lateral  movements.  Do  you  have  that  in  this  aircraft  ? 

Mr.  Yaggy.  Xo.  sir,  we  do  not  because  of  the  control  systems  which 
have  been  applied  to  it.  We  have  had  this  aircraft  only  4Vi  hours  in 
flight  and  I_  might  mention  to  you  that  we  did  encounter  a  control 
problem  which  could  not  have  been  foreseen.  The  first  of  these  air¬ 
craft  did  suffer  damages.  Consequently,  we  have  gone  back  and 
looked  now  at  the  problems  associated  with  it  to  a  greater  degree, 
including  advanced  wind  tunnel  tests,  which  have  been  of  benefit 
not  only  to  this  effort  but  to  our  entire  rotor  technology  program. 
W®  now  have  resolved  the  problem  and  are  about  ready  to  go  into 
flight  tests  with  the  second  vehicle.  I  would  point  out  that  this  indi- 
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cates  the  viability  of  such  a  demonstrator  as  this.  Had  it  been  en¬ 
cumbered  with  all  the  sophisticated  weaponry  and  avionic  systems, 
et  cetera,  in  the  pre-production  program,  the  loss  could  have  been 
drastic. 

Stator  Gk)ii)WATEiL  What  was  the  nature  of  the  problem  ? 

Mr.  Yaoqt.  The  vehicle  pitched  up  and  settled  into  the  ground. 

Senator  (toldwater.  Pitched  up  from - 

Mr.  Yaoot.  It  was  in  30  knot  flight. 

Senator  Goldwater.  What  causes  that  f 

Mr.  Yaoot.  It  is  a  peculiar  interaction  of  the  two  rotors  and  the 
downwa^  from  one  impinging  on  tiie  other,  but  it  is  a  character¬ 
istic  that  is  inherent  in  single  stage  rotors  as  well,  and  this  investi¬ 
gation  has  given  us  a  new  insight  into  how  to  correct  that  and  pro¬ 
vide  greater  capability  in  our  single  rotor  aircraft  as  well. 

Senator  Goldwater.  I  asked  them  about  that  last  year  and  they 
did  not  see  any  problems.  I  remember  the  contra-props  that  we 
tried  near  the  end  of  World  War  II  would  not  have  a  similar 
effect  but  did  have  a  problem  related  to  that. 

Mr.  Yaggt.  Yes,  sir.  This  program  was  documented  and  had 
perhaps  more  wind  tunnel  investigation  prior  to  its  fabrication 
than  any  other  program  we  have  done.  Despite  that  fact,  and  it  is 
characteristic  of  rotary  wing  problems,  the  situation  which  occurred 
could  not  have  been  anticipated.  Essentially,  in  rotary  wing  re¬ 
search  and  development  we  have  completely  exhausted  the  empirical 
approach  used  in  the  past  and  now  we  must  have  ophisticated  in¬ 
formation  to  carry  on  tne  effort. 

This  slide  (fig.  6)  indicates  the  increased  capability  in  speed  and 
lift  which  generates  from  the  ABC  concept. 
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Next  slide  (fig.  7).  The  next  system  which  I  would  like  to  ad¬ 
dress  is  known  as  the  rotor  systems  r^earch  aircraft.  This  is  a  joint 
program  that  we  have  with  the  NASA  under  our  joint  participat- 
uig  agreement.  It  has  resulted  from  an  early  joint  participat¬ 
ing  agreement.  It  has  resulted  from  independent  studies  since  the 
early  1950’s  in  the  areas  in  which  we  have  been  looking  for  methods 
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for  demonatratin?  in  flight  the  capabilities  of  rotor  sy^ms.  And 
in  order  to  do  this,  we  have  to  provide  a  testbed  which  has  an 
advanced  capability  beyond  that  which  is  available  today. 

The  next  slide  (fig.  8,  p.  160)  ^ves  the  objectives  of  the  program 
which  are  to  come  up  with  some^ing  we  can  use  economically  and 
timely  not  only  to  veri^  methodology  but  with  the  ability  to  test 
several  rotor  systems  on  it. 

The  next  slide  (fig.  9)  indicates  some  of  the  characteristics  of  the 
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production  components  used  to  reduce  risk.  Each  of  these  components, 
such  as  the  thrust,  engines,  tail  rotor  or  wing,  are  instrumented  to  to 
measured  independently,  and  consequently.  we  are  able  to  get  exactlj 
what  we  want,  that  is,  the  rotor  characteristics.  In  addition,  we  can 
change  the  attitude  of  the  wing.  We  have  dive  brakes  here  so  we  can 
load  this  rotor  over  its  full  capability  as  we  would  in  a  wind  tunnel 
but  do  it  in  flight.  That  is  a  coordinated  effort  which  has  never  satis¬ 
factorily  been  accomplished.  So  we  are  going  to  do  it  in  this  vehicle. 
These  are  some  of  the -  .  , 

Senator  Goldwater.  Before  you  go  on,  the  Army  has  this  coming 

into  the  inventory.  ,  .  ,  ^  ,  v 

Mr.  Yaoot.  Not  this.  This  is  a  research  vehicle.  Only  research. 
This  is  not  a  production  type  contract. 

Senator  Goldwater.  li-3? 

Mr.  Yaciot.  This  uses  H-3  components  for  the  purpose  of  reduc¬ 
ing  risk  in  the  systems  other  than  those  which  we  were  trying  to 
address. 

Senator  Goldwater.  I  was  out  at  Fort  Rucker  recently.  I  swear 
I  was  briefed  on  this  bird  as  a  troop  carrier. 
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Mr.  Yaoot.  No,  sir. 

Senator  Goldwatkr.  It  sure  looks  like  it. 

ilr.  Yagoy.  Perhaps  you  were  briefed  on  our  UTTAS. 

Senator  Goldwater.  No.  I  know  the  UTTAS.  I  recall  the  H-3 
and  I  though  it  was  a - 

Mr.  Yaogt.  Do  not  let  that  confuse  you.  It  only  uses  some  of  the 
H-3  components  to  avoid  the  risk  that  is  involved  in  the  system. 
It  is  not  the  H-3  aircraft  (fig.  10).  These  are  some  of  the  rotor 


systems  which  could  be  candidates  here.  I  point  out  to  you  the  two 
on  the  lower  left.  Those  are  now  being  investigated  by  the  Navy.  We 
have  close  coordination  with  them  in  the  area.  The  next  two  going 
around  clockwise  are  specifically  NASA  programs  and  the  other  three 
are  Army  programs  and  we  are  taking  an  interservice  approach  to 
this.  This  will  be  a  facility  which  can  be  used  as  a  10-year.  50  hours 
a  year  useful  life. 

Senator  Goldwater.  That  variable  diameter  rotor,  have  you 
gotten  into  that  yet  ? 

Mr.  Yagoy.  Yes.  sir.  And  we  have  been  working  on  that.  We  have 
had  contracts  with  Sikorsky.  One  of  our  problems  has  been  the 
drive  mechanism  for  the  extraction  and  retraction  and  we  have  not 
solved  that  problem. 

Senator  Goldwv'^er.  How  much  can  you  vary  the  length? 

Mr.  Yaogy.  We  duce  it  by  40  percent. 

.Senator  Goldavater  That  would  have  the  same  effect  as  reducing 
a  fixed  wing  once  you  are  in  flight. 
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Mr.  Yaogy.  Yes,  sir.  In  this  case  it  also  has  significant  benefit  to 
the  dynamics  of  the  rotor  system.  It  makes  it  a  smaller  and  less 
dynamically  responsive  system  which  is  very  important.  It  also 
tends  to  reduce  the  problems  we  are  working  on,  that  is,  the  re¬ 
treating  blades  problem. 

Next  slide  (fig.  11).  The  most  advanced  system  we  have  in  use 
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at  the  present  time  is  also  a  joint  program  with  the  NASA  and 
that  is  the  tilt  rotor  concept  represented  by  the  XV-3  in  the  fifties. 
At  that  time  we  ran  into  problems  we  could  not  resolve.  Because 
of  the  deliberate  program  between  the  agencies  we  have  solved 
those  problems  where  we  are  now  ready  to  demonstrate  this  con¬ 
cept  in  flight.  Its  unique  capability  to  tilt  the  rotors  by  which  we 
obtain  the  characteristics  of  the  helicopter  in  hover  and  then  are 
able  to  convert  to  cruise  fliirht  with  reduced  vibratory  loads  and 
all.  The  problems  of  the  helicopter,  the  edgewise  problem,  we  are 
solving  by  putting  it  into  the  normal  propeller  mode. 

Senator  Golowater.  It  becomes  a  propeller  in  that  mode  with  a 
rotor. 

Mr.  Yagoy.  Yes.  sir. 

Senator  Goldwater.  And  lift  value.  Can  you  hover  as  a  conven¬ 
tional  helicopter  using  cyclic  control  or - 

Mr.  Yaggy.  Yes,  sir. 

Senator  Goijjwater.  [continuing].  Down  wash. 

Mr.  Yaogy.  Yes.  sir.  that  is  right.  It  operates  just  like  a  sideways 
tandem  helicopter  in  this  mode  and  the  controls  on  the  rotor  phase 
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out  as  it  transitions  into  forward  flip^ht.  So  it  operates  as  a  con¬ 
ventional  propeller  mode  and  you  have  the  normal  aircraft  con¬ 
trol  surfaces. 

Senator  Ck>LDWATER.  Is  there  a  difference  in  the  RPM  in  tlie  two 
modes? 

Mr.  Yaogt.  Yes,  sir.  Down  to  70  percent  in  the  cruise  mode  of  the 
hover  tip  speed. 

Senator  (^udwates.  How  far  alone  ia  this? 

Mr.  Yagot.  This  is  coming  up  for  critical  design  review  very 
shortly  and  will  fly  in  1976. 

Senator  Gk)LowATER.  T^o  is  going  to  do  it,  do  you  know  yet? 

Mr.  Yaoot.  Yes,  sir.  The  Helicopter  Co.  has  the  award. 

Senator  Gk>LDWATER.  I  have  seen  the  one  made  in  Canada  with 
the  wing. 

Mr.  Yaoot.  Canadair  CL-84,  yes,  sir. 

Senator  Gh)ti>WATBR.  Have  you  tested  that  ? 

Mr.  Yaoot.  We  have  been  involved  in  testing  with  NASA  in 
those  areas  and  we  have  used  the  data  and,  of  course,  it  all  goes 
back  to  the  triservice  program  which  I  am  sure  you  remember  which 
incorpora^  all  of  these  concepte  and  resulted  in  the  XC-142  which 
was  a  variable  tilt  wing.  The  CLi-84  then  came  from  that  same  area. 

Senator  Goldwateil  ^at  is  a  propeller  mode  throughout. 

Mr.  Yaoot.  Yes,  sir,  and  it  has  characteristic  propellers.  It  has 
the  characteristics  of  the  heavier  disc  loading  of  propellers  rather 
than  the  lighter  disc  loading  which  is  characteristic  of  the  tilt  rotor. 
This  chart  (fig.  12)  indicates,  by  the  way,  the  first  objective,  is  to 
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verify  rotor/pylon  wing  dynamic  stability  and  performance  oyer  the 
entire  operational  envempe.  By  analysis  and  wind  tunnel  testing  we 
have  confidence  we  have  resolved  that  problem  and  are  able  to  deal 
with  some  problems  such  as  sensitivity  characteristics,  assessing  the 
handling  problems  and  the  other  items  you  see  there. 

Senator  GKildwateb.  What  shaft  horsepower  are  you  going  to  get 
on  your  first  bird  ? 

Mr.  Yagot.  The  shaft  horsepower  is — ^Dick,  do  you  remember? 

Senator  Goldwater.  600  ? 

Mr.  Yagot.  No,  sir.  I  should  know  that  but  it  does  not  come  to 
mind. 

Senator  Goldwateh.  You  can  provide  the  answer. 

[The  information  referred  to  above  follows ;] 

The  first  vehicle  Is  powered  by  two  vertical  mnnlng  T-68-L13  engines, 
each  developing  a  takeoff  power  of  1,550  shaft  horsepower  and  a  normal  rated 
power  of  1,250  shaft  horsepower. 

Mr.  Yaggy.  Yes,  sir.  The  other  item  I  want  to  call  to  your  atten¬ 
tion  as  far  as  the  Army  is  concerned,  is  right  down  at  the  lower 
right  corner  of  the  slide,  Army  mission  suitability  is  our  whole  goal 
here.  This  vehicle  is  not  a  prototype.  It  is  for  the  purpose  of 
demonstrating  technology.  It  has  a  long  useful  life.  There  are  two 
vehicles  being  obtained  and  they  can  be  used  to  look  at  both  the 
civil  and  military  missions. 

Next  slide  (^.  13).  This  indicates  the  comparison  of  the  systems 
including  the  tilt  wing  which  you  mentioned  wnich  is  the  bottom  one. 
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The  characteristics  are  shown  here.  This  is  the  shaft  horeepower  at 
a  hover  compared  with  the  shaft  horsepower  at  any  condition  at  cruise 
flights.  These  are  normalized  so  they  are  not  necessarily  the  s^e 
p<wer  but  it  indicates  the  lower  levels  relative  to  the  hover  require¬ 
ments  for  these  advanced  cases  which  not  only  gives  us  better  economy 
but  result  in  lower  dynamic  loading  on  the  drive  systems  and  conse¬ 
quently,  longer  life. 

Next  slide  (fig.  14).  Just  a  few  other  characteristics. 
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There  is  no  improvement  in  noise  at  a  hover  but  significant  reduc¬ 
tion  in  noise  in  cruise  flight  and  this  is  especially  important  to  us 

in  detectability.  .  .  i-j 

Senator  Goldwater.  Wait  just  a  minute  before  your  next  slide. 
You  get  no  rotor  bang  out  of  a  tilt  rotor  ?  ,  j  • 

Mr.  Yaggt.  Xo,  sir,  because  the  bang  comes  out  of  the  edgewise 
advancing  of  the  rotor  system  through  the  air.  It  is  the  interaction 
at  tip  vortices  with  the  preceeding  rotor. 

Senator  Goldwater.  They  offset  each  other. 

Mr.  Yaggt.  In  this  mode  the  inflow  is  such  that  there  is  no  such 
interaction. 

Senator  Goldwater.  All  right. 

Mr.  Yaggt.  Next  slide  (fig.  15.  p.  167).  Also  shown  is  vibration 
environment.  Of  course,  the  time  subjected  to  vibration  is  shorter 
bwause  of  the  higher  speed  but  there  is  a  vei^  significant  reduc¬ 
tion  in  vibration  which  improves  the  reliability,  reducing  crew 
fatigue.  It  makes  for  better  gun  platforms,  because  of  the  character¬ 
istics  associated  with  it. 


Figure  15 


XV-15 

TILT  ROTOR  RESEARCH  AIRCRAFT 
CONVERSION  CORRIDOR 


Figure  16 


m 


Next  slide  (%.  16,  p.  167).  Most  important  perhaps  is  the  tilting, 
conversion  corridor,  which  means  the  attitude  of  the  rotor  at  any 
givm  mint  You  can  see  it  is  at  least  60  knote  wide  at  any  place. 
This  wows  you  can  operate  with  great  flexibility.  You  are  not 
transitioning  m  that  mode.  You  can  stop  and  go  back.  You  can 
operate  with  higher  agility.  Of  course,  the  tilt  rotor  mode  gives  you 
a  better  lifting  component  than  the  fixed  wing  mode.  So  for  our 
missions  in  the  places  where  we  need  high  agility,  close  to  the 
ground,  evidence  is - 

Senator  Goldwater.  You  still  have  the  ground  effects? 

Mr.  Yaoqy.  Yes,  sir.  It  still  has  the  same  type  of  ground  effect. 
The  only  thing  that  is  different  is  there  is  some  downwash  on  the 
lifting  surface. 

Next  slide,  please  (fig.  17).  This  indicates  the  productivity  com- 
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parison  and  you  notice  it  is  done  two  ways.  This  is  payload  carried 
in  any  given  12-hour  period.  There  is  an  advantage  there.  But  wh^ 
is  even  more  critical  today  is  that  you  can  carry  the  same  load  in 
that  period  of  time  with  24  percent  less  fuel.  Since  fuel  is  becoming 
suA  a  critical  item  there  is  a  significant  advantage  to  the  system. 

(Slide)  (%.  18,  p.  169).  The  final  item  I  would  like  to  address 
is  the  engine  area.  I  am  sure  you  are  acquainted  with  the  gas  tur¬ 
bine  engine  slated  for  the  Advanced  Attack  Helicopter  and  XJTTAS. 
It  has  resulted  fr«n  a  1,600  SHP  demonstrator  program  which  we 
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performed  recently.  It  is  the  Army’s  responsibility  to  develop  small 
engine  technology.  That  has  been  assign^  to  us  by  ODDRE.  Based 
on  the  success  of  this  program  and  requirements  for  technology  in 
the  size  of  from  1  to  5  pounds  per  second  flow  engines,  which  is 
120  to  825  horsepower,  we  have  embarked  upon  a  program  shown  in 
the  next  slide  (fig.  19).  The  upper  part  shows  the  two  contractors 
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selected,  Williams  and  Aireaearch  for  the  I  to  2  pound  per  second 
category  and  lower,  and  the  two  contractors,  Pratt  and  Whitney  and 
Lycoming,  for  from  3  to  5  pounds  per  second.  These  programs  are 
currently  underway  in  a  4-year  effort  and  are  bein^  carried  out.  The 
next  slide  (fig.  20)  indicates  the  benefits  we  are  hoping  to  achieve.  By 
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actually  demonstrating  advanced  component  technolo^,  specific  fuel 
consumption  as  a  function  of  the  horsepower  can  be  significantly  re¬ 
duced  wHle  increasing  reliability  and  simplicity  of  engines  and  acces¬ 
sories.  Again,  the  priority  is  on  the  fuel  because  fuel  is  becoming  such 
an  important  problem  to  us. 

The  next  slide  (fig.  21,  p.  171)  indicates  the  program  elements, 
and  I  will  not  belabor  these  except  to  say  that  we  are  now  down 
to  the  testing  phase.  In  addition  we  will  follow  this  with  a  produci- 
bility  study  to  reduce  the  costs,  and  increase  the  reliability.  I  em¬ 
phasize  that  this  is  only  a  gas  generator  program,  compressors, 
high  pressure  turbine  and  seals  and  bearings.  It  is  the  core  engme. 
Our  purpose  in  doing  this  is  to  establish  a  program  that  is  ongoing. 
Simiur  to  the  ATEC  program  which  the  Air  Force  canries  out  in 
the  large  engine  area,  and  its  real  value  will  be  in  its  ongoing 
characteristics  as  we  are  then  able  to  add  in  the  new  technology  such 
as  ceramics  to  elevate  the  operating  temperature  and  get  a  more 
specific  engine  with  a  higher  specific  thrust.  These  will  be  carried 
on  in  this  ongoing  program.  Here  again,  demonstration,  we  be¬ 
lieve,  is  the  essential  product  of  the  technological  development. 
Without  the  demonstration  and  associated  reduction  in  risk,  we 


▲ 


ADVANCED  SMALL  AXIAL  TURBINE  TECHNOLOGY  PROGRAM 


DESIGN  POINT  PARAMETERS 

TIT  -  2200-2500‘F  DESIGN  LIFE  i  750  HOURS  AT  DESIGN  TEMP. 

AH  -  170-200  BTU/LBM  LOH  CYCLE  FATIGUE  LIFE  -  15,000  CYCLES 

Ha  -  5  LE/SEC 


APPROACH 

PHASE  I  -  PRELIMINARY  DESIGN 
PHASE  II  -  TURBINE  CASCADE  INVESTIGATION 
PHASE  III  -  STAGE  INVESTIGATION 
PHASE  IV  -  DESIGN  TECMIIOUE  ASSESSMENT 
PHASE  V  -  MODIFICATION  AND  TEST 


FitiCKB  21 

cannot  bring  our  program  to  a  sufficiently  low  risk  to  assure  ac¬ 
complishment  within  cost.  So  this  emphasis  is  characteristic  right 
from  our  fundamental  research  to  our  development  phase. 

That  concludes  my  briefing.  I  will  be  glad  to  answer  any  other 
questions. 

Senator  Goldwater.  I  think  you  answered  this  in  a  way  but  I  would 
like  to  get  it  a  little  more  clearly  on  the  record. 

As  you  know,  the  Navy^  is  working  on  the  concept  of  the  circulation 
control  rotor. 

Mr.  Yaggy.  Yes,  sir. 

Senator  Goldwater.  I  saw  this  last  year  and  I  was  very  im¬ 
pressed  with  it.  I  was  wondering  if  you  have  worked  with  the  Navy, 
kept  up  on  this  concept, 

Mr.  Yaggy.  Yes,  sir.  I  would  like  to  give  you  in  just  two  or  three 
sentences  the  whole  history  of  that.  We  operated  with  Giravion 
Dorand  Corporation  of  France  for  many  years  on  a  concept  known 
as  the  jet  flap  rotor  which  is  also  a  circulation  control  concept  and 
we  have  done  extensive  work  in  this  area,  again  in  the  latter  period 
in  connexion  with  NASA,  and  have  a  large  amount  of  data  avail¬ 
able.  It  is  the  work  which  resulted  in  the  circulation  control  rotor 
in  England.  We  had  followed  that  very  closely  but  because  of  its 
deficienci^,  we  decided  not  to  invest  large  sums  of  money  in  it. 

Mr.  Williams  of  the  Navy  Ship  R.  &  D.  Center  at  Carderock, 
Maryland  has  been  active  in  this  program  and  we  maintain  a  con¬ 
tinuing  liaison  with  him.  Our  purpose  is  to  allow  one  agency  to 
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fund  this  until  we  have  proven  its  capabilities  and  then,  if  it  looks 
to  be  what  it  purports  to  be,  we  intend  to  get  in  jointly  with  them 
and  develop  that  extensively.  It  is  a  fine  concept.  Its  prima^  draw¬ 
back  at  the  present  time  is  ability  to  control  the  rotor.  This  is  a 
simificant  problem  that  has  not  yet  been  resolved. 

Senator  Goldwater.  I  am  glad  you  are  working  with  them.  If  it 
does  work  out,  it  will  be  a  great  step  forward. 

Mr.  Yaoot.  Yes,  sir,  it  will. 

Senator  Goldwater.  Eliminating  a  large  number  of  problems  at 
your  hub. 

Mr.  Yaoot.  I  point  out  one  other  thing.  There  are  two  con¬ 
cepts  of  this  sort  of  device.  One  is  where  the  rotational  drive  is 
provided  from  the  jet  and  that  is  the  type  that  we  had  been  investi¬ 
gating  previously.  The  other,  and  we  feel  the  only  viable  method 
for  efficiency,  is  to  shaft  drive  this  device  and  then  you  have  to 
provide  the  circulation  control  in  addition  to  that. 

Senator  Goldwater.  Do  you  not  have  a  problem  in  that  jet  con¬ 
cept  of  maintaining  the  heat  of  the  gas  to  the  point  that  it  leaves 
the  rotor? 

Mr.  Yaoot.  Yes,  sir. 

Senator  G^ildwater.  I  understand  nobody  has  come  up  with  an 
idea  yet  whereby  they  can  keep  that  gas  hot. 

Mr.  Yaoot,  No,  sir.  We  looked  extensively  at  this  drive  years  ^o 
in  the  XV-9  with  the  Hughes  Company.  We  used  this  type  of  drive. 
We  looked  at  it  again  in  the  HLH.  The  larger  the  vehicle  becomes, 
the  heavier  the  transmission,  the  more  attractive  the  drive  becomes 
but  it  is  still  not  attractive  enough  to  us  at  this  time.  It  will  require 
significant  research  in  order  to  make  it  a  viable  solution. 

[Mr.  Yaggy’s  complete  statement  follows:] 

Pbepabed  Statement  op  Paul  F.  Taoot,  Direotob  of  Reseabch,  Development 
AND  Enoineebino,  IT.S.  Abmt  Aviation  Systems  Command 

U.S.  ABMT  NEW  TECHNOLOOT  AND  IMFBOVED  CAPABILTTT  IN  AVIATION  STSTEMS 

Over  the  past  decade,  the  U.S.  Army  has  expanded  its  ntlllzation  of  aircraft 
to  a  significant  degree  because  of  the  operational  versatility  demonstrated  by 
the  helicopter  and  its  unique  hovering  and  vertical  fiight  capability.  A  wide 
variety  of  applications  have  clearly  defined  the  need  for  VTOL  operational 
capability  and  demonstrated  that  it  is  irreplaceable  by  other  means  of  trans¬ 
portation.  This  expanding  role  of  aviation  has  generated  technology  require¬ 
ments  which  exceed  the  current  state-of-the-art,  particularly,  that  which  deals 
with  rotary  wing  aircraft,  which  are  most  germane  to  U.S.  Army  requirements. 

Available  technology  has  always  been  the  pacing  factor  in  meeting  demon¬ 
strated  military  requirements.  Seldom  can  justification  be  developed  for  pro¬ 
ceeding  into  production  with  technology  exceeding  a  demonstrated  state-of-the- 
art  Therefore,  Improved  capability  generally  is  only  attained  when  foresight 
has  been  demonstrated  in  acquiring  and  demonstrating  technology  to  reduce 
the  risk  to  an  acceptable  level.  A  prime  consideration  in  this  process  is  the 
ability  to  predict  reasonable  goals  for  design-to-cost,  and  to  assure  accomplish¬ 
ment  of  programs  not  only  within  projected  costs,  but  to  demonstrate  a  rea¬ 
sonable  life  cycle  cost  as  well. 

The  accomplishment  of  these  purposes  requires  the  establishment  of  de¬ 
finitive  goals.  The  U.S.  Army  has  established  aviation  goals  as  is  shown  in 
Fig.  2.  It  Is  a  continuing  requirement  to  increase  mission  effectiveness  through 
greater  performance  and  Increased  agility.  These  factors  are  also  essential 
to  providing  adequate  safety,  survivability,  and  reduced  vulnerability.  How¬ 
ever,  the  attainment  of  these  goals  without  the  additional  attainment  of 
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proper  dynamic  reaponae,  adequate  and  Ions  lUe  atmctnral  Integrity  and  a 
reliable  ayatem,  rei^ta  In  a  attnatlan  of  hi|d>  potential  bnt  little  unence. 
Finally,  acquisition  and  life  cycle  coata  mnat  be  a  continual  consideration  In 
the  trade-ofla  apalnat  theae  goals  to  aasnre  snfflcient  qnantltlea  and  to 
Jnatlfy  the  ntlllaatlon  of  the  concepts. 

The  U.S.  Army  pnrsnea  these  goals  through  national  and  International  en¬ 
deavors,  both  In-houae  and  with  industry,  Air  Force  and  Navy.  This  research 
includes  fundamental  Inveatlgatlona  in  the  basic  discipline  areas  as  well  as 
development  of  analytical  techniques  and  hardware  concepts  which  offer  poten- 
tlri  solutions  to  known  or  anticipated  problem  areas  and  deficiencies.  Facil¬ 
ities  such  as  wind  tnimels,  whirl  towers,  ground  based  and  filght  simulators, 
and  computer  modelling  are  employed  In  these  research  programs.  Howevp'. 
adequate  demonstration  of  theae  efforts  In  the  filght  environment  must  be 
accomplished  to  assure  the  reduction  of  risk  to  the  level  a<'-eptable  for  con¬ 
fident  application.  Since  the  scope  of  the  technology  and  concepts  programs 
of  the  U.S.  Army  is  too  vast  for  presentation  within  the  allotted  period,  three 
fl^t  demonstrators  and  a  demonstration  propulsion  program  have  been 
sriected  to  portray  the  character  and  spirit  of  Army  efforts  for  new  tech¬ 
nology  and  improved  oapablU^.  These,  as  imrtrayed  In  Fig.  8,  are  the  rotary 
wing  Advanxlng  Blade  Concept,  the  Botor  Systems  Besearch  Aircraft  for 
rotcr  concep  demonstrations,  the  Tilt  Botor  BMearch  Aircraft,  and  the  Small 
Turbine  Advanced  Gas  Generator  engine  demonstrator  program. 

ran  anvAirocro  blade  ooeoept 

The  Advancing  Blade  Concept  (ABC),  Fig.  4,  Is  a  coarial,  counterrotating 
hlngeleas  rotor  with  several  potential  advantages,  when  compared  with  con¬ 
ventional  rotary  wing  configurations.  These  advantages  (Fig.  5)  are:  (1) 
high  speed  capability  when  configured  as  a  compound  helicopter  with  auxiliary 
thrust;  (2)  improved  maneuverability,  especially  at  low  speeds;  (8)  elimina¬ 
tion  of  the  tall  rotor,  a  hasard  in  both  flight  and  ground  operations;  (4)  re¬ 
duced  maintenance  requirements;  and  (5)  compact  configurations. 

Both  the  high  qiieed  capability  and  improved  maneuverability  are  a  direct 
result  of  the  ABC  unique  aerodynamic  HMng  configuration.  With  tMs  concept 
(Fig.  8),  the  aerodynamic  lift  in  forward  filght  is  carried  on  the  rotating 
blades  advancing  Into  the  oncoming  airflow  and  is  not  limited  to  that  which 
can  be  developed  on  the  blades  retreating  from  the  oncoming  flow  which  are 
limited  by  the  reduced  airflow  over  ttie  blades,  as  is  the  case  with  conven¬ 
tional  single  rotor  configurations.  Thus,  this  concept  reduces  the  problems  of 
retreating  blade  stall  and  greatly  enhances  the  amount  of  lift  that  can  be 
provided  during  maneuvers.  Further,  the  hingeless  rotor  system  provides 
greatly  improved  controllability  in  all  flight  regimes  because  of  Its  ability  to 
carry  loads  with  centers  at  large  offsets  from  the  rotor  shaft 

As  with  other  coaxial  helici^ters,  a  tail  rotor  is  not  required  for  anti¬ 
torque  purposes.  Taw,  or  directional  control  in  the  ABC  configuration,  is  pro¬ 
duced  by  applying  differential  pitch  to  the  two  rotors  and  thus,  producing 
a  greater  and  lesser  torque  on  each  of  the  two  rotors.  Elimination  of  the 
tail  rotor  has  direct  effects  on  operational  suitability  in  confined  areas,  on 
acoustic  signature,  and  on  maintenance. 

The  hingeless  rotor  without  flaig>lng  binges,  lead  lag  binges,  and  associated 
hardware,  eliminates  the  maintenance  and  first  cost  normally  associated  with 
these  components.  The  very  high  stifhiess  blades  are  designed  with  a  titanium 
main  spar  and  a  fiberglass  aerodynamic  "glove”  to  form  the  airfoil  section. 
This  composite  construction  has  greatly  reduced  vulnerability  characteristics, 
and  also  permits  rotor  slowing  for  high  speed  applications  where  the  blade 
tip  mach  number  must  be  below  approximately  0.85. 

Elimination  of  the  tall  rotor,  when  combined  with  the  higher  efliciency 
of  a  coaxial  rotor,  permits  a  smaller,  more  compact  configuration  to  accomplish 
the  same  mission. 

The  distinct  advantage  In  forward  flight  capability  Is  shown  in  Fig.  7.  This 
advantage  is  solely  due  to  the  design  features  of  the  ABC  rotor  as  described 
above.  Simply  compounding  a  single  rotor  helicopter  with  auxiliary  power 
will  not  approach  this  capability. 

The  current  program  has  included  extensive  model  tests,  full  scale  wind 
tunnel  tests,  and  full  scale  ground  and  flight  tests.  First  flight  was  con- 


ducted  on  26  July  1978.  After  4Vi  hours  of  hover  and  lev  speed  flight.  Ship 
No.  1  experienced  extensive  damage  in  an  uncontrolled  crash.  Since  that 
time,  extensive  flight  test  data  analysis,  wind  tunnel  testing,  and  simula¬ 
tion  have  been  conducted,  and  the  cause  of  the  crash  determined.  Design 
modifleations  to  alleviate  the  earlier  deficiency  have  been  developed  and  the 
program  is  being  restructured  to  pursue  the  initial  program  objectives  with 
Ship  No.  2. 

This  event  clearly  demonstrates  the  value  of  a  technology  demonstrator 
program  to  reduce  technological  risk.  The  problem  was  one  that  could  not 
have  been  foreseen  prior  to  operation  in  the  flight  environment.  Significant 
knowledge  of  this  fundamental  issue  has  been  gained  by  the  subsequent  tests, 
applicable  not  only  to  this  project,  but  in  a  general  sense  as  well.  Occurrence 
of  such  an  event  in  a  preproduction  prototype,  fully  equipped  with  sophisticated 
weaponry  and  auxiliary  systems,  would  have  been  extremely  costly. 

ROTOR  SYSTEMS  RESEUtCH  AIRCRAFT 

Since  the  mld-195‘Ts,  the  Army  and  the  NASA  have  conducted  several  inde¬ 
pendent  studies  to  determine  methods  of  improving  the  capabilities  of  rotor 
flight  research  on  a.u  economical  and  timely  basis.  Results  of  these  studies 
prompted  the  establishment  of  an  Army/NASA  working  group  in  January 
1971  to  determine  if  a  commonality  existed  in  both  agencies  for  rotor  flight 
research,  and  if  so,  what  system  or  facility  would  best  provide  a  capailllty 
to  achieve  research  objectives.  It  was  concluded  that  an  instrumented  flying 
test  bed  concept  offered  the  best  solution.  The  Army /NASA  team  subsequently 
agreed  upon  the  performance  criteria  and  characteristics  of  a  test  vehicle  that 
would  fulfill  the  flight  research  object'ves  of  both  agencies.  A  government 
technical  and  cost  risk  analysis  was  completed  in  August  1971  to  determine 
the  probability  of  success  in  developing  a  Rotor  Systems  Research  Aircraft 
(RSRA,  Fig.  8).  To  determine  the  feasibility  of  the  RSRA  concept,  a  com¬ 
petitive  solicitation  was  released  to  industry  in  August  1971  for  two  inde¬ 
pendent  predesign  (feasibility)  studies  of  the  RSRA  concept.  In  addition  to 
the  feasibility  assessment  required  from  the  contractors,  progiam  costs  and 
schedules  for  a  RSRA,  accompanied  by  an  independent  risk  analysis,  were 
also  required.  To  assure  program  continuity  and  joint  agency  commitment, 
the  Army  and  NASA  entered  into  formal  agreement  on  1  November  1971  to 
jointly  develop  and  utilize  the  Rotor  Systems  Research  Aircraft  The  pre- 
design  studies  were  completed  in  August  1972,  concluding  that  the  RSR/ 
concept  was  feasible  and  vsithln  the  state-of-the-art  Although  different  tec!.- 
nical  approaches  were  submitted  by  the  contractors,  the  vehicle  configurations 
were  very  similar.  Also,  technical  and  cost  analyses  confirmed  the  govern¬ 
ment’s  in-house  estimate.  Satisfied  with  the  findings  of  government  and  in¬ 
dustry  efforts,  the  Army  and  NASA  in  November  1973  selected,  by  a  competi¬ 
tive  solicitation,  Sikorsky  Aircraft  to  design,  fabricate,  and  demonstrate  the 
RSRA. 

Objectiven 

The  objectives  of  the  Rotor  Systems  Research  Aircraft  program  (Fig.  9) 
are  to  provide  those  agencies  of  the  government  charged  with  the  responsi¬ 
bility  of  developing  rotor  technology,  with  a  flying  research  tool  having 
sufficient  versatility  te  provide  the  necessary  is  ght  verification  of  support¬ 
ing  rotoreraft  technology  as  well  as  to  test  a  - -e  variety  of  new  rotor  con¬ 
cepts.  One  of  the  prime  considerations  of  the  program  is  that  this  research 
capability  be  cost  effective  and  timely.  These  aircraft  will  provide  research 
capability  that  cannot  be  duplicated  in  ground  based  facilities  and  which 
have  been  previously  restricted  because  of  the  expense  of  specialized  vehicles. 

The  design  criteria  for  the  RSRA  have  been  established  to  insure  attainment 
of  the  broad  research  objectives  of  rotoreraft  technology  verification  includ¬ 
ing  flight  research  on  new  rotor  concepts.  The  aircraft  design  will  be  flexible 
enough  to  permit  the  installation  and  testing  of  many  new  rotor  concepts 
which  are  now  in  various  stages  of  development  by  various  government  agen¬ 
cies.  It  will  also  allow  parametric  variation  of  such  things  as  disc  loading, 
tip  speed,  and  cruise  conditions  for  each  of  these  rotors. 

The  key  to  the  RSRA  design  philosophy  (Fig.  10),  and  its  value  as  a  re- 
reasch  test  bed,  is  the  capability  for  data  acquisition  and  accuracy.  The  air¬ 
craft  is  designed  around  a  highly  accurate  rotor  force  irnd  moment  balance 
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measurement  system  which  isolates  the  rotor/transmission  from  the  vehicle. 
To  complete  the  quantillcatlon  of  the  rotor  state,  force  measurements  sys¬ 
tems  are  installed  on  the  wing,  tail  rotor,  and  auxiliary  propulsion  system. 

Implemeniation  plan 

The  RSBA  concept  dictates  that  the  aircraft  be  capable  of  operating  a 
rotor  under  closely  controlled  and  specified  flight  conditions  with  adequate 
provisions  to  accurately  measure  the  rotor  and  air  vehicle  characteristics  in 
maneuvers  as  well  as  forward  flight  In  order  to  obtain  this  capability,  the 
RSBA  will  be  equipped  with  a  computer  controlled,  automatic  flight  control. 

One  of  the  moat  significant  areas  of  research  for  the  RSRA  will  include 
quantified  data  for  substantiation  of  analytical  prediction  techniques.  True 
potential  of  rotorcraft  application  and  utilization  cannot  be  realized  until 
their  limitations  are  documented  and  understood.  The  unique  features  of  the 
RSRA  will  provide  the  first  true  capability  to  explore  and  document  the  full 
potential  of  various  types  of  rotors.  Flight  research  for  analytical  prediction 
technique  substantiation  in  such  areas  as  rotor  stability  boundaries  and 
aeroelastlc  characteristics,  rotor  maneuvering  envelopes,  rotor  performance 
capabilities,  and  drag  Interference  effects  will  increase  the  design  confidence 
of  new  rotary  wing  vehicles.  The  RSRA  will  also  be  used  to  demonstrate  new 
structural  concepts  and  techniques  for  reduced  maintenance,  increased  re¬ 
liability,  and  increased  safety  and  survivability.  The  RSRA  will  also  be  used 
to  verify  the  potential  of  new  rotor  concepts  (Fig.  11)  resulting  from  the 
technology  studies  such  as  the  variable  diameter  rotor,  rigid  coaxial  rotor, 
slowed  and  stopped  rotors,  new  composite  materials  rotors,  supercritical  and 
laminar  airfoil  rotors,  optimum  geometry  rotors  involving  varying  chord, 
twist,  camber  and  airfoil  shape  as  a  function  of  span,  as  well  as  varying 
blade  azimuth  and  vertical  spacing.  In  addition,  techniques  offering  potential 
solutions  to  aerodynamically  generated  noise,  tip  compressibility  effects,  vibra¬ 
tion  isolation,  and  integrated  non-linear  control  systems  will  be  economically 
verified  through  coordinated  utilization  of  the  RSRA.  It  is  anticipated  that 
the  RSRA  will  be  utilized  for  12  years  at  an  anticipated  rate  of  fifty  pro¬ 
ductive  research  flight  hours  on  each  aircraft  per  year. 

TILT  KOTOS  BESEABCB  AIBCBAFT 

A  major  problem  in  rotorcraft  is  the  high  dynamic  loads  experienced  by 
the  helicopter  rotor  during  cruise  operation.  These  high  dynamic  loads  not 
only  restrict  the  performance  capability  of  the  helicopter  but,  more  im¬ 
portantly,  generate  the  vibrations  and  noise  that  result  in  the  fatiguing  of 
structures,  components  and  aircrew,  reduced  availability,  and  increased  main¬ 
tenance  and  'support  costs.  Moreover,  in  addition  to  the  VTOL  capability  re¬ 
quirement,  several  of  the  Army  air  mobility  missions  would  benefit  greatly 
from  the  increased  productivity  that  a  higher  cruise  speed  could  provide.  The 
tilt  rotor  aircraft  concept  offers  promise  of  significant  improvement  in  these 
areas  while  providing  the  desirable  VTOI,  characteristics  of  the  low-dlsc- 
loadlng  rotary  wing  aircraft  Therefore,  over  the  past  five  years,  the  Army 
has  actively  supported  a  program  to  develop  the  technology  required  to 
enable  the  implementation  of  this  type  of  air  vehicle.  Knowledge  in  all  key 
disciplines  has  now  advanced  (through  full-scale  component  experimental  in¬ 
vestigations)  to  the  point  where  the  flight  demonstration  of  the  integration 
of  all  technologies  is  warranted.  A  program  to  accomplish  this  has  been  de¬ 
veloped  jointly  with  the  NASA.  This  activity  is  known  as  the  XV-16  Tilt 
Rotor  Research  Aircraft  Project  (Fig.  12). 

Objectives 

The  following  proof-of-concept  objectives,  directed  toward  basic  tilt  rotor 
air  vehicle  technology  verification,  have  been  established  for  the  current  XV- 
15  Rotor  Research  Aircraft  Project  (Fig..  13). 

a.  Experimentally  explore,  through  flight  research,  current  tilt  rotor  tech¬ 
nology  which  is  of  interest  for  the  development  of  useful,  quiet,  and  easily 
maintainable  Army  tilt  rotor  aircraft.  Verification  of  the  rotor/pylon/wing 
dynamic  stability  and  aircraft  performance  over  the  entire  operational  en¬ 
velope  are  key  elements  of  this  objective. 

b.  Experimentally  establish  a  safe  operating  envelope  and  Initially  assess 
the  handling  qualities  of  the  Tilt  Rotor  Research  Aircraft  as  a  basis  for  the 
follow-on 'advanced  flight  research. 
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c.  Investigate  tilt  rotor  gust  sensltivitr- 

d.  Investigate  the  effects  of  tilt  rotor  disc  loading  and  tip  q>eed  on  down- 
wash  and  noise  and  the  impact  on  hover  mode  operations. 

An  advanced  flight  research  program  has  been  formulated  to  expand  the 
state-of-the-art  of  tilt  rotor  handling  qualities,  operations  and  configuration 
design.  These  flight  investigations  will  be  performed  to  achieve  the  following 
objectives : 

a.  Incorporate  and  evaluate  gust  and  load  alleviation  systems. 

b.  Perform  thorough  evaluation  of  the  handling  qualities  of  the  Tilt  Rotor 
Research  Aircraft  and  assess  areas  where  additional  tilt  rotor  handling 
qualities  research  is  required. 

c.  Provide  data  for  consideration  of  design  and  operational  criteria  and 
mission  sultabtllty  for  potential  Army  production  tilt  rotor  aircraft. 

d.  Investigate  alternate  or  advanced  rotor  concepts  or  configuration  modi¬ 
fications. 

As  part  of  investigating  mission  suitability,  all  related  technological  charac¬ 
teristics  such  as  maintenance,  human  factors  and  safety  will  be  explored. 
Further  flight  research  will  be  performed  with  the  Tilt  Rotor  Research  Air¬ 
craft  to  explore  the  various  aspects  of  use  of  this  concept  for  typical  Army 
missions — ^the  ultimate  Army  objective  of  this  program. 

Concept  oharaeterisUc* 

The  principal  flight  modes  of  the  tilt-rotor  aircraft  are  hover/helicopter, 
transition  and  cruise.  The  two  tiltable  low-disc-loading  rotors,  located  at  the 
wing  tips,  are  driven  by  two  or  more  gas  turbine  engines.  The  engines  may 
be  located  in  the  tilting  nacelles  mounted  at  the  wing  tips,  or  may  be  fixed  with 
respect  to  the  wing.  A  cross  shaft  system  mechanically  links  the  rotors  so 
that  power  sharing  for  maneuvers  or  control  is  possible  and  asymmetric  thrust 
in  the  event  of  single  engine  malfunction  Is  avoided.  Independent  control  of 
each  englne/rotor  can  be  maintained  should  simple  cross  shaft  failure  occur 
(due  to  combat  damage,  for  example).  The  rotor/nacelle  tilt  mechanism  is 
provided  with  redundant  fall-safe  design  features,  thus  preventing  asymmetric 
tilt  conditions  and  binding  of  the  mechanism  in  any  fixed  position.  The  stiff¬ 
ness  and  mass  distributions  of  the  rotor/nacelle/wlng/dynamlc  drive  system 
are  tuned  to  avoid  resonances  in  the  range  of  operating  rotor  rotational 
speeds.  Special  emphasis  is  placed  on  meeting  both  the  structural  and  dy¬ 
namic  stability  requirements.  Therefore,  the  aircraft  is  free  of  rotor  stall 
flutter  and  wlng/pylon/rotor  dynamic  coupling  problems  throughout  the 
entire  tilt  rotor  operational  flight  envelope.  The  control  system  in  hover  is 
similar  to  that  of  a  “slde-by-side”  twin  rotor  helicopter.  Cyclic  pitch  pro¬ 
vides  longitudinal  control  and  (differentially  applied)  yaw  control,  eliminating 
the  need  for  a  tall  rotor.  Dlffe'entlal  collective  pitch  provides  roll  control. 
In  the  cruise  flight  mode,  control  is  achieved  with  conventional  airplane  con¬ 
trol  surfaces,  although  the  rc.or  controls  can  also  be  used  in  cruise  for  con¬ 
trol  augmentation,  aircraft  stabilisation,  and  gust  alleviation.  A  program  for 
phasing  of  control  functions  from  helicopter  to  aircraft  type  controls  as  a 
function  of  mast  angle  Is  applied  during  conversion.  The  relatively  short  dura¬ 
tion  of  high  speed  forward  flight  in  the  helicopter  mode  for  most  applica¬ 
tions  results  in  a  favorable  fatigue  environment  for  the  tilt  rotor  aircraft 
as  compared  to  a  helicopter.  Therefore,  high  reliability  and  low  maintenance 
are  anticipated.  In  the  hover  mode,  tilt  rotor  vehicles  operate  at  low  power 
levels  and  consume  less  fuel  than  other  VTOL  concepts  (with  the  exception 
of  the  helicopter)  because  of  the  high  lift  efiBclency  of  the  low  disc  loading 
rotors.  The  resulting  low  downwash  velocities  allow  efficient  operations  to 
be  performed  below  hovering  tilt  rotor  aircraft  with  improved  personnel 
safety.  The  low  disc  loading  rotor  also  provides  autorotation  capability  for 
emergency  descent  in  the  event  of  total  power  loss.  During  the  conversion 
process  to  the  cruise  mode,  rotor  tip  speed  is  reduced  to  approximately  70 
percent  of  the  hover  value.  Cruise  propulsive  efficiency  (Fig.  14)  is  therefore 
increased  and  cruise  noise  levels  are  reduced  while  en^ne  performance  and 
transmlsslon/drlve  system  torques  are  maintained  at  desirable  levels.  In  addi¬ 
tion,  the  moderate  tip  speeds  and  low  nonosclllatory  blade  loadings  of  the  tilt 
rotor  result  in  noise  levels  in  hover  and  cruise  (Fig.  IS)  that  would  reduce 
acoustic  signature  and  detection  compared  to  other  VTOL  concepts. 
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The  tilt  rotor  concept  eliminates  the  need  for  continuous  edgewise  flight 
of  the  rotor,  which  produces  detrimentally  high  dynamic  blade  loads  and  the 
deterioration  of  propulsive  efflciency  at  moderately  high  speeds.  The  use  of 
the  wing  to  sustain  lift  in  the  cruise  mode  permits  reduced  load  on  the  rotors 
which  Improves  flying  qualities  and,  by  lowering  cabin  vibration  levels  (B^g. 
16),  reduces  crew  fatigue.  Perhaps  the  key  potential  advantage  of  the  tilt 
rotor  concept  Is  the  ability  to  provide  cruise  speeds  in  excess  of  300  knots 
while  retaining  the  efficient  hover  and  TTOL  capability  of  the  helicopter. 

The  tilt  rotor  concept  is  also  unique  in  that  the  conversion  corridor,  (i.e., 
the  band  between  the  mlnimnm  and  maximum  flight  speeds  throughout  the 
rotor-mast  tilting  process),  is  broad  (typically  greater  than  60  knots)  and 
non-crttical  (Fig.  17).  Fuiihermore,  the  conversion  may  be  stopped  and  re¬ 
versed,  or  the  aircraft  may  be  flown  steady  state  at  any  point  in  the  con¬ 
version  corridor.  This  feature  is  expected  to  provide  great  flexibility  in  fleld 
operations,  enhance  survivability  because  of  low-sp^d  agility,  and  permit 
the  performance  of  STOL  operations  at  greater  than  VTOL  gross  weights. 

The  tilt  rotor  holds  promise  for  both  Increased  responsiveness  and  tor  re¬ 
duced  fuel  consumption  (Fig.  18),  both  of  whidii  are  vital  to  Army  operations. 

Implementation  plan 

The  plan  to  accomplish  the  necessary  technical  goals  Is  composed  of  the 
following  eight  elements  which  are  required  prior  to  entering  a  production 
prototype  program : 

1.  Methodology  development. 

2.  Model  testa. 

3.  Full  scale  component  and  subsystem  tests. 

4  Air  vehicle  design  studies. 

5.  Flight  simulation  investigations. 

6.  Systems  Integration  and  proot-of-concept  flight  tests. 

7.  Advanced  technology  Investigations  flight  tests. 

8.  Mission  suitability  flight  tests. 

Flight  simulation  investigations  have  been  planned  and  initiated  throughout 
the  tilt  rotor  program.  The  simulations  provide  a  means  of  assessing  handling 
characteristics,  configuration  variations,  flight  operation  procedures,  emer¬ 
gency  procedures  and  SCAS  and  gust  load  alleviation  system  charactiristics. 
The  simulators  will  also  be  used  for  pilot  familiarization. 

The  fabrication  and  proof-of-concept  flight  tests  of  the  research  aircraft 
are  important  milestones  in  the  Army  tilt  rotor  technology  program.  Basic 
flight  safety  and  flight  envelope  boundary  exploration  will  be  conducted  by 
a  contractor.  Additional  flight  research  to  examine  structural  stability,  assess 
handling  qualities  and  study  generic  tilt  rotor  aircraft  flight  characteristics 
and  the  effects  of  gusts,  tip  speed  and  disc  loading  will  be  performed  jointly 
with  NASA.  These  flight  investigations  from  the  foundation  for  the  advanced 
flight  research  program. 

The  Army  and  NASA  will  continue  with  the  joint  flight  test  program  be¬ 
yond  the  basic  proof-of-concept  flights.  Research  into  gust  and  load  allevia¬ 
tion  systems,  handling  qualities,  and  alternate  or  advanced  rotor  concepts 
are  planned.  The  data  resulting  from  this  investigation  may  be  instrumental 
in  formulating  design  and  operational  criteria  and  specifications  for  Army 
air  mobility  tilt  rotor  applications.  Certain  fiight  phenomena  may  warrant 
additional  analytical  investigations,  model  tests,  flight  simulations,  and  further 
flight  tests. 

The  Tilt  Rotor  Research  Aircraft  will  be  used  as  a  tool  to  assess  Army  air 
mobility  mission  suitability.  Factors  such  as  hover  out-of-ground-effect,  climb 
capability,  loiter  and  cruise  performance,  maximum  speed  capability,  handling 
qualities,  maneuverability,  pilot  workload,  autorotation  capability,  mainten¬ 
ance  requirements,  and  noise,  radar,  IR  and  visual  detection  signatures  will 
be  examined.  Although  the  XV-15  Tilt  Rotor  Research  Aircraft  is  not 
optimally  sized  or  configured  for  the  particular  requirements  for  any  specific 
Army  air  mobility  mission,  the  vehicle  is  sufficiently  versatile  to  demonstrate 
and  explore  many  of  the  various  mission  performance  and  operation  factors. 

**®*®*’  **«®«®*^**  Aircraft  is  also  a  suitable  test  bed  for  advanced 
VTOL  avionics  for  all-weather  operation  and  area  navigation  investigations. 
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The  application  of  the  STOL  mode  and  the  nae  of  intermediate  rotor  mast 
positions  will  be  studied  daring  this  flight  test  period. 

SMALL  TUBBIKE  ADVAICCEO  OAS  OENEBATOR  (STAOO) 

The  Army  has  assigned  responsibility,  by  interserrice  agreement,  for  the 
advancement  of  technology  and  the  development  of  small  engines.  Recently, 
the  Army  successfully  completed  a  demonstrator  program  on  a  1,500  horse¬ 
power  en^ne  which  resulted  In  the  General  Electric  T700  engine  (Fig.  19)  to 
be  used  in  the  Army  advanced  attack  helicopter  and  the  utility  tactical  trans¬ 
port  helicopter.  Based  on  this  successful  approach  and  in  response  to  a  require¬ 
ment  for  small  engines  In  the  2  to  5  pounds  per  second  airflow  range,  the 
Army  has  initiated  a  four-year  program  for  the  design,  fabrication  and  test¬ 
ing  of  the  Small  Turbine  Advanced  Gas  Generator  (STAGG),  with  four 
different  contractors  (Fig.  20).  Williams  Research  and  AJResearch  are  working 
in  the  airflow  range  of  1  Ib/sec  to  2  Ib/sec,  correq>onding  to  power  levels  of 
120  bp  to  290  hp;  Iqrcoming  and  Pratt  and  Whitney-Florlda  are  investigating 
the  range  of  3  ib/sec  to  6  Ib/sec,  encompassing  power  outputs  from  465  hp  to 
825  hp.  The  configurations  are,  in  fact,  scaleable  to  sizes  ranging  from  120  hp 
to  1,8.50  hp  with  considerable  assurance  of  success.  The  primary  goals  of  the 
STAGG  program  are  the  demonstration  of  greatly  Improved  specific  power 
output  and  specific  fuel  consumption  (Fig.  21). 

The  Army’s  Interest  in  small  gas  turbine  engine  technology  (1  to  16  Ib/sec 
airflow  size)  is  based  on  two  major  factors:  first,  over  86  percent  of  the 
aircraft  gas  turbine  engines  in  the  Army  inventory  are  under  1,500  hp;  and 
second,  the  small  engine  has  been  unable  to  utilize  directly  the  advanced 
technology  from  large  engine  research  and  development  due  to  inherent  geome¬ 
try  and  size  limitations. 

The  program  includes  hardware  and  testing  of  the  gas  generator  only — 
the  compressor,  combustor,  high-pressure  turbine,  bearings  and  seals.  Studies 
are  also  included  which  determine  produclbillty,  reliability  and  maintaina¬ 
bility,  and  cost  (Fig.  22). 

The  STAGG  program  has  now  progressed  through  the  initial  testing  of  the 
gas  generators.  The  ultimate  benefits  of  STAGG  will  be  realized  by  convert¬ 
ing  the  present  program,  which  started  in  1971,  into  a  program  continuing 
the  updating  of  the  gas  generator  (similar  to  the  ATEGG  program).  Such 
a  program  will  incorporate  advanc^  technology  components  into  the  gas 
generator  as  they  become  available,  and  will  maintain  the  gas  generator  tech¬ 
nology  at  a  current  level. 

Senator  Goldwater.  General,  do  you  have  any  comments  ? 

General  Cooksey.  Yes,  Mr.  Chairman.  I  heard  earlier  some  com¬ 
ments  that  were  made  about  producing  alcohol  from  organic  waste. 
We  have  discovered  a  fungus  that  can  be  used  to  transform  or  process 
cellulose  into  alcohol  and  I  think  how  we  found  that  is  particularly 
interesting.  We  found  an  old  cat+ridge  belt  in  New  Guinea  that 
had  been  out  there  since  World  War  II  and  found  this  fungus  on 
that  belt.  The  work  is  being  done  at  Natick  Labs  in  Massachusetts, 
and  we  are  working  on  a  pre-pilot  production  facilities  to  do  this 
and  we  are  right  now  estimating  that  in  about  18  months  we  will 
be  able  to  really  demonstrate  the  capabilities,  in  a  reasonable  cir¬ 
cumstance.  to  produce  alcohol. 

Senator  Goldwater.  Do  you  have  any  papers  on  it  so  far  that 
I  could - 

General  Cookskv.  I  would  like  to  submit  something  for  the  record, 
if  I  may.  on  this  program. 

Senator  Goi,nwATER.  I  wish  you  woiild.  I  wish  von  would  give  me 
a  set,  too. 

General  Cooksey.  All  right,  sir. 
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[The  information  referred  to  follows :] 

Included  witUn  the  miesion  of  the  US  Annj  Natick  Laboratories  la  the 
reaponalbillty  to  conduct  research  to  reduce  or  prevent  the  deterioration  of 
military  materiel.  In  pursuing  this  work,  it  was  confirmed  in  the  late  IfifiO’s 
that  a  fungus,  Triehodertna  viride,  causes  microbial  deterioration  of  packag¬ 
ing  and  other  materials  by  producing  an  ensyme  that  converts  cellulose  to 
glucose  (sugar).  In  1970,  a  small  effort  was  initiated  to  explore  the  potential 
application  of  this  process  in  a  controlled  manner  to  convert  waste  cellulose 
(paper,  cardboard,  wood,  grass  cotton  products,  etc.)  to  a  useful  product 
After  the  cellulose  has  bmn  converted  to  a  giucose  syrup,  presently  available 
and  widely  used  technology  can  be  applied  to  convert  this  to  other  products 
to  include  ethanol  (ethyl  alcohol),  a  potential  low  polluting  fuel. 

A  major  breakthrough  was  achieved  In  1971  when  a  mutant  strain  of  the 
fungus  was  produced  by  irradiation.  This  particular  strain  produces  two 
to  four  times  the  amount  of  ensyme  produced  by  the  natural  fungus  and 
will  significantly  Improve  the  economic  competitiveness  of  the  process. 

Considerable  experimentation  has  been  conducted  to  optimise  the  pre-process¬ 
ing  of  the  cellulose  waste  prior  to  the  ensyme  reaction  to  produce  the  maximum 
yield.  “Ball  milling”  the  waste  and  preparation  of  a  pulp  has  produced  the 
best  results. 

To  date  the  process  has  been  used  only  in  laboratory  units  in  a  batch 
mode  yielding  a  few  pounds  per  batch.  A  pre-pilot  model  plant  was  installed 
at  Natick  and  became  operational  in  June  1974.  This  plant  will  have  the 
capacity  for  treating  1,000  pounds  of  cellulose  i)er  month  to  produce  500 
pounds  of  glucose.  It  is  planned  to  further  optimise  the  process,  develop  the 
engineering  data  necessary  to  scale  up  the  plant  and  produce  preliminary 
economic  feasibility  data.  At  the  present  level  of  effort,  this  should  be  accomp¬ 
lished  in  18-24  monthsi 

Ethanol  is  a  potential  substitute  for  petroleum  fuels  or  can  be  added  to 
gasoline  in  varying  projiortions  with  little  engine  modification.  However,  the 
present  methods  for  producing  ethanol  are  not  cost  competitive  with  petroleum 
products  at  this  time.  Indications  are  that  this  process  may  be  able  to  pro¬ 
duce  ethanol  more  cheaply  than  methods  currently  in  use.  However,  this  re¬ 
mains  to  be  substantiated.  From  a  technology  point  of  view,  a  full  scale 
operating  plant  should  be  possible  by  1980. 

Senator  Goldwater.  We  have  got  a  lot  of  that  stuff  lying  around 
out  there.  In  fact,  you  might  look  right  over  there  in  the  Senate. 

[Laughter.] 

General  CooKSEr.  Please  let  the  record  show  that  I  did  not  say 
anything. 

I  might  add  that  the  pre-pilot  production  facility  is  going  to  use 
primarily  paper  waste,  newspaper  and  things  like  that. 

Senator  Goldwater.  Where  is  that  facility  ? 

Gener*^  1  Cooksey.  At  Natick,  Mass.  Natick  Laboratories  in 
Massachusetts. 

Senator  Goldwater.  Well.  General.  I  think  you  have  done  a  good 
job  here  and  you  start  off  by  telling  about  Army  aviation.  I  think  I 
am  the  only  one  that  read  the  Howze  Board  report  all  the  way 
through  and  consequently,  anything  you  do  in  aviation  does  not 
surprise  me.  I  think  the  next  chapter  will  have  to  do  with  the  Air 
Force  being  issued  rifles. 

Thank  you  very  much. 

General  Cooksey.  You  are  welcome,  sir. 

[Whereupon,  at  11  :.50  a.m.,  the  hearing  was  concluded.] 
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APPENDIX 


StatMtiit  of  Clifton  F.  von  Knnn 
Sonlor  Vico  Frnsidont 
Oporotlont  ond  Airport* 

Air  Trnntport  AssocUtlon  Of  Aaorlc* 

Boforo  tho  Snntto  Cowiittoo  on 
Aoronautleol  ond  Spaco  Sclancot 
July  25,  1974 

Statnonnt  on  Bahalf  of  tho  U.  S.  Sehodulad  Alrllna*  on 
Advancnd  Aoronautlcal  Concapt* 

Ny  naan  Is  Clifton  F.  von  Kann.  I  aa  Sanlor  Vico  Prosldont, 
Operations  and  Airports,  of  the  Air  Transport  Association  of 
Aaorica.  H*  ara  grateful  for  tho  opportunity  to  offer  a  stateaant 
at  tkis  haaring  which  wo  understand  deals  pradoalnantly  with  the 
work  NASA  can  do  which  will  lay  the  technology  base  for  advanced 
aircraft  of  the  1980‘s  and  1990. 

I  wish  to  discuss  four  areas  of  Interest  to  scheduled 
air  transportation:  the  Institutional  roles  of  NASA;  the 
achlevaeont  of  higher  productivity  of  transport  aircraft:  noise 
and  propulsion  research  and  technology:  and  research  needed  to 
siake  our  aircraft  better  partners  In  the  airspace  and  airport 
systoe. 

He  had  the  privilege  of  testifying  earlier  this  year  on 
the  NASA  Fr-1975  Frograe  and  Budget,  ond  our  general  views  are 
contained  In  that  statewont.  He  Indicated  our  strong  support 
especially  for  research  In  the  areas  of  eaterlals.  structures, 
and  fluid  and  flight  dynaelcs.  He  supported  NASA's  efforts  on 
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propulsion  onvlronaont  lapact  alnlaliatlon,  propulsion  coapononts 
rtsotreh.  and  axparlsMntal  propulsion  propraas.  and  urgtd  1n- 
craasas  In  NASA's  work  In  aircraft  operations  rastarch. 

Nueli  of  thn  work  and  thosa  racoaaandatlons  apply  to 
building  tba  taehnology  base  for  transport  aircraft  of  tha  1980's 
and  1990's.  In  our  tastlaony  wa  subaittad  a  docuaant,  coaplatad 
lata  last  yaar,  containing  specific  airline  views  and  reconaan- 
datlons  on  tha  role  wa  feel  NASA  should  play  In  relation  to  our 
Industry.  This  report,  entitled  "Vlaws  of  the  Scheduled 
Airlines  on  a  Kasponslva  NASA  Research  and  Technology  Prograa* 
discusses  what  we  perceive  to  be  NASA's  roles  and  responsibilities, 
and  offers  a  series  of  specific  priority  work  areas  and  efforts 
which  we  feel  would  benefit  the  air  transportation  systea  In 
the  country.  The  report  Is  attached. 

The  Institutional  Role  of  NASA 

In  considering  the  Institutional  roles  NASA  plays,  and 
should  play.  In  the  laproveaent  of  the  air  transportation  systea 
and  the  aircraft  we  use.  we  perceive  three  basic  roles: 

First,  we  think  It  Is  NASA's  responsibility  to 
build  a  technology  base  for  aeronautics  through 
Innovative  research.  In  this  task  the  goal 
should  be  to  utilize  the  best  scientific  ainds 
to  create  Innovations  end  to  enhance  our  know* 
ledge  with  the  greatest  possible  Independence 
of  spirit  and  freedoa  froa  bureaucratic  entangle* 
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Stcendi  NASA  should  bo  t  prebloa-solvor  In  which  It 
undortokos  diroctod  rotoorch  In  rosponso  to  tpacific 
probloas  which  way  bo  Idontiflod  by  NASA  Itself,  or 
by  others. 

Third,  end  vltilly  Inportont,  Is  the  ores  In  which 
NASA's  work  Is  directly  responsive  to  the  needs  of 
other  agencies  or  organizations,  and  In  which  guidance 

I 

and  a  degree  of  control  Is  exercised  by  other  agencies, 
but  where  NASA  has  unique  capabilities  or  facilities 
which  can  serve  Identified  needs. 

One  of  our  priaary  Interests  Is  to  assure  that  aircraft  of 
the  future  are  even  better  partners  than  our  present  fleet  with 
the  airport  and  Its  neighbors,  and  the  Air  Traffic  Control  systew 
to  assure  that  the  greatest  possible  efficiency  of  the  total  systew 
can  be  achieved.  This  weens  thet,  particularly  In  the  latter  two 
roles  It  Is  essential  that  NASA  work  closely  both  with  FAA  and  the 
Industry  and  tailor  Its  research  activities  to  the  real  broblews 
which  FAA  feces  In  creating  a  better  Airport/Air  Traffic  Control 
systew.  It  1$  essential  to  assure  thet  the  NASA  work  which  cowes 
close  to  the  responsibilities  of  FAA  is  fully  coordinated,  and 
that  the  work  done  Is  responsive  to  problews  and  guidance  offered 
by  FAA,  to  achieve  reellstic  cost-effective  solutions  to  our 
problews. 

Productivity  Research 

In  considering  the  problews  of  the  air  transportation  systew, 
the  area  of  productivity  represents  perhaps  our  greatest  challenge. 
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In  a  tlM  of  rising  costs  of  a1)  kinds,  and  a  precipitous  rise 
In  the  cost  of  fuels,  the  achlovoMat  of  nore  efficient  aircraft 
Is  perhaps  our  greatest  chanenge.  This  Is  not  a  glanorous  area 
of  work.  It  probably  represents  few  scientific  breakthroughs  - 
yet  It  Is  probably  the  aost  laportant  challenge.  In  teras  of 
the  laprovesMnt  of  our  Aaerlcan  air  transportation  systea,  and  In 
the  opportunity  It  represents  for  the  U.  S.  to  reaain  doalnant 
In  the  world  aarketplace  for  aviation  products. 

The  work  encoapasses  many  areas  and  many  disciplines.  Aaong 
then  -  the  devalopaent  of  lighter,  sinpler  aircraft  structures; 
research  to  establish  the  properties  of  new  and  better  naterlals; 
the  achlevaaent  of  greater  versatility  of  application  of  particular 
airfraae  and  aircraft  designs;  the  achleveaent  of  nore  fuel-efficient 
engines;  achleveaent  of  guantua  steps  In  the  reliability  and  In¬ 
tegrity  of  electronic  systens  used  aboard  our  aircraft. 

Me  have  followed  with  Interest  NASA's  work  on  supercritical 

wing  technology.  This  work  has  now  been  widely  publicized  and  the 

findings  made  known  to  Industry.  He  believe  this  technology  should 

now  be  extended  Into  the  low-speed  regime.  It's  our  understanding 

) 

that  the  supercritical  wing  offers  Its  primary  advantage  In  the 
high-speed  regime,  but  offers  less.  If  any,  advantage  In  the 
terminal  area  or  at  low  speeds.  In  order  to  make  this  technology 
truly  applicable  to  transport  alcraft  which  must  operate  for 
extended  periods  In  terminal  areas,  research  should  now  be  under¬ 
taken  to  optimize  the  supercritical  wing  for  operation  In  both 
high-  and  low-speed  regimes  of  flight. 
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The  airlines  have  observed  and  supported  NASA's  technology 
work  In  the  ‘STOL*  area,  and  have  Matched  with  Interest  NASA's 
atteapts  to  achieve  econoalcally  viable  propulsive  lift. 

Ne  believe  that  propulsive  lift  technology  work  should 
continue  as  a  technology  whose  fruits  aay  be  applicable  to  a 
wide  range  of  aircraft  applications.  Technology  efforts  directed 
toward  waking  aircraft  better  suited  for  teralnal  operations, 
regardless  of  range,  are  an  essential  Ingredient  In  creating 
viable  aircraft  for  shorthaul  service.  These  two  areas  of 
research  perhaps  fora  a  better  basis  for  future  developaent  of 
econoalcal  Jat-STOL  aircraft  than  concentration  on  coaplete 
Jet-STOL  aircraft  systeas. 

I  want  to  call  particular  attention  to  an  area  of  work  of 
great  proalse  --  aircraft  digital  control  systeas  and  active 
control  concepts.  In  which  fu11>t1ae  stability  augaentatlon 
systeas  Wight  eoae  to  peralt  aajor  reductions  In  aircraft 
structural  weight.  The  achleveaent  of  this  capability,  with  the 
safety  and  Integrity  which  are  basic  requlreaents  In  any  air 
transport  aircraft,  deserves  aajor  eaphasls  and  optlaua  exploltdtion 
In  NASA's  research  and  technology  activities. 

In  sua,  we  envision  In  NASA's  work  on  aircraft  productivity 
a  focused,  au1t1-d1sc1p11nary  effort  to  produce  fundaaental 
laproveaents  In  the  efficiency  of  aircraft  In  allltary  and  civil 
aviation  systeas,  with  particular  eaphasls  on  work  to  reduce 
the  cost  of  operations  and  laprove  the  perforaance  of  aircraft. 
Eaphasls  on  the  operation  of  air  transportation  In  the  existing 
and  prospective  Air  Traffic  Control  systea  will  pay  dividends 
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In  ttras  of  uintolning  U.  S.  prooalnonct  In  ovUtlon  oerospoco 
products.  Ho  bollova  a  specific  focal  point  should  be  created 
Mithin  NASA  to  dual  with  this  effort. 

Noise  and  Propulsion  Research 

He  have  often  testified  on  the  need  for  forward-looking 
research  and  technology  on  propulsion  systees  and  noise.  The 
reduction  of  noise  and  the  achleveaent  of  batter,  wore  fuel- 
efflclent  propulsion  systeas  reaalns  one  of  our  eajor  goals  and 
one  of  the  aajor  activities  for  NASA.  Ha  have  read  the  stateaent 
offered  by  Or.  Jerry  Gray  of  the  Aaerican  Institute  of  Aeronautics 
and  Astronautics  who  appeared  before  the  Coaaittee  on  July  18, 

1974;  and  we  support  the  views  expressed  —  particularly  on 
the  need  for  research  on  new  engine  cycles,  the  variable  cycle 
engines,  and  work  on  new  fuels.  Hhlle  we  are  soaewhat  less 
optlalstic  about  the  possibilities  for  liquid  hydrogen  and 
nuclear  propulsion  than  would  be  laplled  froa  Dr.  Grey's  state- 
aent,  we  believe  that  NASA's  work  In  these  areas  Is  essential 
and  requires  strong  support. 

It  should  be  kept  In  aind  that  NASA's  work  on  advanced 
fuels  nay  have  applications  beyond  air  transportation.  It  aay 
turn  out  that  ground  and  stationary  energy  users  nfy  be  able 
to  use  newer  fuels,  such  as  liquid  hydrogen  and  possibly  nuclear 
fuels,  wore  efficiently  than  can  air  transportation;  and  this 
Indeed  would  be  an  laportant  finding.  It  aay  be  that  the  contri¬ 
bution  that  NASA  can  aake  will  be  to  show  that  the  efficiency 
of  new  fuels  for  stationary  uses  are  such  that  they  are  best  used 
for  such  applications  -  thus  freeing  fossil  fuels  for  transportation. 
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Wt  have  long  supported  NASA's  efforts  In  the  echlevenent 
on  quieter  and  laore  efficient  engines  and  continue  to  support 
such  work  because  of  Its  Importance  In  creating  a  technology 
base  for  new  and  quieter  aircraft. 

We  believe  It  Is  also  NASA's  role  to  establish  the  noise 
base.  I.e.,  tte  low  limit  beyond  which  the  laws  of  physics 
tell  us  It  Is  Impractical  to  strive;  and  to  work  In  the  psycho¬ 
acoustics  area  -  to  learn  more  about  the  mechanics  of  noise  and 
the  meaning  and  effect  of  different  kinds  and  levels  of  noise  on 
the  populace  living  near  airports.  It  Is  a  proper  role  for  NASA 
and  one  which  should  be  exploited.  As  was  pointed  out  nearly 
unanimously  by  witnesses  on  July  24,  before  the  Subcommittee 
on  Aeronautics  and  Space  Technology  of  the  House  Committee  on 
Science  and  Astronautics,  there  Is  great  confusion.  If  not  a  void 
In  the  psychoacoustics  area. 

Making  Aircraft  Better  Partners  In  the  Total  System 

NASA  should  work  on  the  technology  base  which  will  permit 
new  aircraft  to  be  better  partners  In  the  most  effective  use  of 
our  airports  and  airspace  system.  Here  the  relationship  between 
NASA  and  the  Industry  and  FAA  Is  critical.  He  think  It  Is  FAA’s 
obligation  and  responsibility  to  work  with  NASA  to  assure  there 
Is  a  clear  understanding  of  the  current  and  prospective  working 
of  the  Airport  and  Air  Traffic  Control  system,  and  to  Identify 
those  aircraft  characteristics  which  would  create  the  best  and 
most  efficient  total  system. 


We  are  delighted  to  see  that  NASA  has  seen  fit  recently 
to  establish  an  ad  hoc  Panel  on  Terminal  Configured  Vehicles. 
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It  rapresants  an  opportunity  for  NASA  and  tha  Industry  to  come 
together  and  understand  the  relationship  of  the  aircraft  to  the 
Air  Traffic  Control  system  and,  working  with  FAA  and  the  Industry, 
to  establish  best  areas  of  NASA  research.  I  want  to  emphasize 
several  of  the  recommendations  of  the  first  meeting  of  that  Panel. 
The  first  Is  a  recommendation  that  NASA  make  clear  1^-  objectives 
for  the  Terminal  Configured  Vehicles  program.  The  Panel  recom¬ 
mended  that  NASA  extend  Its  coordination,  particularly  In  the 
area  of  air  traffic  control  with  DOT/FAA  to  assure  that  dupli¬ 
cation  can  be  avoided  between  the  work  of  FAA  on  the  Airport/Air 
Traffic  Control  system  and  NASA's  efforts. 

It  has  been  recommended,  and  we  endorse  the  recommendation, 
that  several  priority  areas  need  to  be  Investigated  --  among  them 
pilot  and  aircraft  system  needs  In  the  198S  -  1990  air  traffic 
control  environment,  the  achievement  of  aircraft  designs  (which 
concentrate  on  reduced  fuel  consumption)  Integrated  with  FAA's  and 
airlines'  automated  systems;  human  factors  and  oculometer  research; 
and  Impact  of  aircraft  system  failure  modes,  failure  effects,  and 
criticality  analyses  on  aircraft  and  pilot  performance. 

To  sum  up,  the  scheduled  airlines  continue  to  hold  the 
belief  that  NASA  Is  a  vital  and  potent  force  In  the  achievement 
of  a  better  a1r  transportation  system  for  the  United  States, 
and  the  achievement  of  continued  superiority  for  America's  products 
In  the  world  market.  The  role  we  foresee  for  NASA  In  relation  to 
the  aircraft  of  the  late  1980's  and  late  1990's  Is  as  an  Institution 
which  utilizes  the  best  scientific  minds  to  create  Innovations  and 
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to  enhanct  our  knowltdgo  with  tho  greatast  possible  Independence 
of  spirit  and  freedow  from  bureaucratic  entangleaent.  He  expect 
Innovative  research  to  build  the  technology  base  for  the  future; 
but  we  also  expect  NASA  to  eaphaslze  the  seealngly  wore  aundane 
probleas  of  achieving  higher  productivity  froa  our  air  transportation 
systea.  That  Is  an  equally  challenging  and  appropriate  task  for 
NASA  and  for  our  country. 
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view  of  th«  Sch«dul«<l  Alrllnaa  on  «  ll»»pon»l v 


NASA  R— «reh  and  Technology  PrcKirMi 


Introduction 

The  scheduled  airlines  of  the  United  States  view  NASA  as  a 
major  national  asset. 

Scheduled  air  transportation  owes  a  SMjor  debt  to  the  National 
Advisory  Coasidttao  on  Aeronautics  (MACA)  which  was  a  major  force 
in  shaping  air  transport  technology  before  the  major  NASA  emphasis 
on  space  began  a  decade  or  more  ago.  The  airlines  are  pleased 
to  see  the  re-eiphasls  within  NASA  on  aeronautical  technology, 
and  we  strongly  support  a  vital  and  energetic  NASA  prograt. 

A  major  investment  is  being  made  whl^  should  yield  important 
results  for  this  country  and  its  aviation  leadership.  This 
investment  is  by  far  the  largest  pool  of  scientists  and  engineers 
working  cohesively  in  aeronautical  research  and  technology  in  tha 
United  States,  and  probably  in  the  world. 

Increased  Emphasis  on  Aeronautics 

The  transition  within  the  NASA  organisation  from  a  pradcminantly- 
apace  orientation  to  renewed  emphasis  on  creative  and  innovative 
aeronautical  research  and  technology  is  not  easy.  Thera  is  a  con¬ 
tinuing  risk  of  NASA  drifting  into  design  refinement  activity  which 
can  only  be  done  successfully  on  the  manufacturers'  competitive 
firing  line.  Instead  of  pressing  bold,  innovative  efforts. 

Iaq;>ortant  strides  are  being  made  by  NASA  in  this  transition, 
and  these  most  be  continued  and  strengthened  if  there  is  to  be 
full  value  from  the  NASA  work.  The  Industry,  and  particularly  the 
eventual  users  of  the  NASA  output,  have  an  obligation  to  offer 
constructive  criticism,  as  %fell  as  to  lay  out  clearly  areas  which 
in  their  view  would  yield  best  results  for  the  country  from  the  major 
NASA  investment. 

This  paper  is  an  airline  contribution  to  that  guidance  and 
direction. 

TechnolocY  Research  vs.  Project  Orientation 

Airlines  have  begun  to  sense  in  recent  months  an  important  and 
valuable  NASA  trend  to  emphasise  individual  technologies.  Mhlle 
NASA  has  always,  and  properly,  rejected  any  Intention  to  develop 
prototype  aircraft,  there  has  been  a  tendency  which  has  seamed 
store  project-oriented  than  is  desirable.  The  airlines  strongly 
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support  HASA  orlantatlon  toward  Individual  taohnologiaa  bacauaa  we 
see  therein  the  wajor  HASA  oontributlona,  but  also  support  research 
into  llfa-raliablllty  studies  on  total  syateBUi<  where  such  work 
can  offer  prospective  total  aircraft  ayatesi  operational  efficiency 
iaproveaents . 

Airlines  believe  that  the  close  buyer-sellar  relationship 
between  aircraft  SMnufacturers  and  airline  custoawrs  has  been 
prlaarlly  raapanaibla  for  the  davalopnent  of  the  highly  successful 
aircraft  davalopaant  process  in  the  United  States;  and  airlines  are 
concerned  about  any  activity  which  could  derogate  that  relationship, 
no  natter  how  wnll-lntantloned.  The  davelopaent  and  use  of  tedi- 
nology  by  the  Military  aarvlcea  has  traditionally  been  of  great 
value  in  this  process.  The  developaent  of  technologies  which  can 
be  used  in  enhancing  that  buyer/seller  process  and  which  can  yield 
better,  nore  ccnpetltlve  aircraft  in  the  world  narket,  is  the  najor 
contribution  HASA  can  nake  to  this  vital  national  asset. 

In  carrying  out  its  Mission,  HASA  should  utilise  to  the  naxinuM 
practical  extent  the  pool  of  scientific  and  engineering  talent  which 
the  aerospace  Manufacturers  represent.  Use  of  this  Major  resource 
not  only  aids  in  achieving  HASA's  research  aiMS,  but  broadens  the 
base  of  knowledge  in  industry  which  has  been  the  basis  of  AMrica's 
aviation  leetdership. 

HASARolea 


The  roles  which  HASA  should  play  in  the  davelopaent  of  aviation 
advanceMont  have  been  long  under  debate.  HASA  has  traditionally 
taken,  and  should  continue  to  take  several  roles. 

In  the  view  of  the  airlines,  these  roles,  in  order  of 
iiqportance  are  as  follows; 

1.  First,  the  airlines  believe  it  is  NASA’s  responsibility 
to  build  a  technology  base  for  aeronautics  tnrottgh 
innovative  research.  In  this  task  the  goal  should  be 
to  utilise  the  best  scientific  Minds  to  create 
innovations  and  to  enhance  our  knowledge,  with  the 
greatest  possible  Independence  of  spirit  and  freedoa 
froM  bureaucratic  entangleMent. 

2.  The  second  role  should  be  that  of  probleM  solver,  in 
which  directed  research  is  done  in  response  to 
specific  problou  which  May  be  Identified  by  HASA 
Itself  or  by  others.  In  this  category  of  effort  the 
airlines  see  HASA  again  as  an  independent  researcher, 
dealing  with  pr^leMs  and  hopefully  arriving  at 
solutions  essentially  independent  of  other  govemswnt 
structures. 
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3.  Tha  third  oatagory  it  work  dlraotly  ratponalva  to 
tha  naada  of  othar  aganelaa  or  orgaaltatlont ,  in 
tdiloh  guldanoa  and  a  dagraa  of  control  it  anarcltad 
by  othar  aganelaa,  but  whara  NASA  haa  uniqua  talanta, 
v^qua  capabilitlaa,  or  faeilitlaa  which  can  aarva 
Idantlflad  naada. 

Much  of  tha  work  which  tha  aohadulad  airllnaa  aaa  in  which  NASA 
can  oaka  aajor  oontributiona  to  tha  Onitad  Stataa  aay  at  firat  glanca 
appaar  nundana  and  axoaaaivaly  raault-orlantad.  Intend  aueh  of  tha 
work  dooa  not  hava  tha  aaay  focua  of  a  apaca  ahot  or  a  ravolutlonary, 
laagination-flring  naw  alrcrafti  yat  in  thaaa  difficult,  nnglaaoroua, 
and  of tan  grualllng  afforta  liaa  tha  aaesat  of  continuing  0.  S. 
aupariority  in  aaronautioal  technology  and  air  tranaportation. 

Aa  tha  airllnaa  aaa  it,  NASA  should  ba  tha  organisation  which 
kaapa  tha  Uni tad  Stataa  in  tha  forafront  of  raaaaroh  and  tatenology, 
by  auatarlng  the  bast  bralna  and  knowladga  in  tha  Onitad  States  to 
work  on  baaic  problans  and  innovations i  by  carefully  distinguishing 
batwaan  basic  innovative  rasaarch  and  tha  aora  ecafortabla,  but  far 
lass  valuable  anglnaarlng  design  anhaneananti  by  helping  to  naka  the 
0.  8.  aarospaoa  industry  tha  bast  possible  international  ooaqpatitor  in 
an  aviation  anvlronsMnt  which  is  becoming  Bora  and  nora  coaq^titlvai 
and,  certainly  not  laaat,  by  Baking  aajor  contributions  to  tha  affioianey 
and  aconcBic  viability  of  tha  aviation  syataa  as  an  alaatent  of  the 
0.  S.  tranaportation  syataa. 

Rasponalblllty  for  Research  and  DevelosaMnt  -  Relationship  of 
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In  the  view  of  the  airlines,  NASA  should  be  responsible  for  the 
development  of  a  basic  research  and  technology  program  to  support  and 
enhance  civil  aviation.  NASA  should  utilise  the  best  thinking  of 
experts  in  and  out  of  Government  who  are  working  in  the  forefront  of 
the  technology,  as  well  as  the  mature  recoonendations  of  the 
aerospace  industry  and  the  users  of  aeronautical  technology. 

NASA  should  be  responsive  to  policy  guidance  from  the  Departaent 
of  Transportation  and  FAA  as  those  agencies  perceive  the  need  of  the 
Nation  for  research,  and  as  enunciated  in  such  docuaents  as  the  Joint 
OOT-NASA  Civil  Aviation  Research  and  Development  Policy  Study  and  other 
Government  policy  statasients.  The  priaary  thrust  and  direction  in 
specific  fields  of  work  should  be  supplied  by  the  moat  appropriate  agency. 

Civil  Aviation  Noise  Research  and  Development 

DCT  should  be  responsible  for  establishment  RSD  of  basic  objectives 
related  to  aviation  noise  with  Inputs  froB  EPA,  FAA  and  NASA  as 
appropriate. 

NASA  should  be  responsible  for  control  management  and  funding 
of  noise  research  and  developswnt  to  achieve  the  basic  objectives. 

FAA’s  role  is  to  assess  the  degree  of  readiness  of  a  specific 
noise  control  technology  and  consider  its  iaplesientation.  This  espe¬ 
cially  applies  to  procedural  and  operational  approaches  to  noise 
alleviation. 
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FAX,  In  consultation  with  EPA,  should  ba  responsible  for  the 
establishment  of  program  goals  and  research  and  development  related 
to  airport  area  land  usage  planning  and  control  efforts. 

Airframe  and  Propulsion  Systems  Research  and  Development  for 
civil  aircraft  should  be  controlled,  numaged,  and  budgeted  by  NASA. 
Nhile  there  must  be  direct  lines  of  communication  and  coordination 
between  PAA  and  NASA,  and  while  FAA  should  be  free  to  request 
specific  work  by  NASA,  basic  control  and  management  should  be  under 
NASA.  F^'s  role  should  be  to  deal  with  RtD  related  to  basic  day- 
to-day  alrwcrthlnass  problems;  emd  to  identify,  and  cause  to  be 
carried  out,  RtD  efforts  which  relate  to  regulatory  problems  of 
airframe  and  propulsion  systaios. 

Civil  Airport  and  Runway  Research  and  Development 

FAA  should  control,  manage,  and  budget  airport  and  runway  ra- 
search  and  development,  especially  as  it  applies  to  airport  layout 
and  traffic  movement  efforts,  and  achievement  of  improved  and 
rational  methods  of  pavement  design.  FAA  airport  RtD  should  ba 
limited  to  the  area  within  airport  bounHarles.  FAA  should  utilize 
the  services  of  NASA  and  other  agencies  with  specific  expertise 
(such  as  the  military  services)  in  rtinway  technology  efforts  as 
appropriate. 

Airway  and  Air  Traffic  Control  Research  and  Development 

FAA  should  control,  manage,  and  budget  this  work.  Responsibility 
and  authority  for  conduct  and  results  of  this  effort  should  be  FAA's. 
Separate  efforts  by  other  agencies,  such  as  DOT  and  NASA,  to  under¬ 
take  airway  and  ATC  research  and  development,  should  be  discouraged 
in  order  to  minimize  duplication  of  effort.  Valid  NASA  efforts 
which  fit  into  the  broader  FAA  development  effort  should  be  supported, 
but  they  should  be  subject  to  FAA's  direction. 

Permitting  a  Broader  Reach  in  NASA  Research 

In  outlining  the  roles  the  airlines  feel  NASA  should  play  in 
the  development  of  aviation  advances,  NASA's  responsibility  to  build 
a  technology  base  through  innovative  research  was  listed  first.  In 
this  task  the  goal  should  be  to  utilize  the  best  scientific  minds 
to  create  innovations  emd  to  enhance  our  knowledge,  with  the  greatest 
possible  independence  of  spirit  and  freedom  from  bureaucratic  en¬ 
tanglement. 

While  the  airlines  appreciate  the  need  for  a  government-conducted, 
tax-supported  research  institution  to  structure  its  research  program 
so  as  to  project  specific  output,  some  research  cuts  across  many 
disciplines,  and  talented  people  should  be  given  freedom  to  reach 
broadly  across  the  disciplines  toward  innovation.  It  should  be 
possible  to  earmark  a  specific  significant  p;urt  of  NASA's  budget  in 
such  a  way  that  such  unique  effort  and  far-reaching  work  can  be 
initiated  and  supported.  One  approach  may  be  to  permit  NASA  Center 
directors  to  assess  such  promising  broad-reach  research  efforts  and 
to  support  them  with  special  funds  where  the  mrk  is  clearly  of 
great  prcsUse. 
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The  difficulties  of  adalnietaring  such  funds  axe  great  since 
there  is  a  risk  that  mediocre  talents  or  ideas  will  be  fxinded  or 
that  research  funds  will  be  granted  on  the  basis  of  existing 
organisations  or  staffs  rather  than  swrlt.  Despite  these  risks, 
the  prospective  fruits  of  such  broad  reach  work  are  great,  and  it 
may  be  appropriate  to  form  a  mechanism  by  which  disinterested  experts 
can  contribute  their  wisdom  in  judging  the  prospective  value  of  such 
research.  Perhaps  Center  directors  might  use  the  advice  emd  counsel 
of  such  experts  (whether  they  be  from  industry.  Government,  or  the 
academic  world)  chosen  in  such  a  way  that  their  advice  would  be  free 
of  any  but  a  scientific  stake  in  the  work  or  its  funding. 

NASA  Research  Program  Priorities  and  Emphasis 

The  joint  DOT/NASA  Civil  Aviation  Research  and  Development 
(CARD)  Policy  Study  published  in  March  of  1971  noted  three  major 
areas  of  priority  work)  Noise,  Congestion,  and  a  New  Shorthaul  System. 
Of  the  three  -  by  far  the  most  important  work  area  for  NASA,  in  the 
view  of  the  airlines,  is  the  problem  of  aircraft  noise  2d>atement. 

The  problems  of  congestion  -  air  traffic  control  and  ground 
congestion  -  should  be  primarily  the  responsibility  of  FAA  and  DOT, 
although  certain  aspects  should  be  under  the  jurisdiction  of  NASA 
with  guldemce  from  FAA. 

With  respect  to  a  New  shorthaul  System  suggested  by  the  CARD 
study,  airlines  believe  that  valuable  NASA  work  done  to  date  shows 
serious  problems  of  technology,  complexity,  noise,  and  cost  in  the 
so-called  *true*  STOL  aircraft.  The  airlines  believe  that  NASA's 
emphasis  should  be  on  technology  research  in  a  number  of  disciplines 
with  which  better  aircraft  and  aircraft  systems  can  be  built  and 
on  the  development  of  Improved  propulsive  lift  systems,  which  can 
have  application  across  the  broad  spectrum  of  transport  aircraft 
including,  but  not  limited  to.  shorthaul  aircraft. 

The  coordination  of  effort  between  DOT,  FAA  and  NASA  is 
critically  important  and  we  have  seen  significant  improvement.  This 
coordination  is  especially  important  in  areas  which  border  on  air 
traffic  control.  He  believe  that  FAA  must  have  both  the  authority 
to  conduct  air  traffic  control  research  and  development,  and  the 
responsibility  for  achievement  of  results.  NASA  efforts  in  some 
aspects  of  ATC  related  research  can  be  valuable,  in  consideration 
of  NASA's  capabilities  and  facilities,  but  such  work  should  only  be 
undertaken  if  it  is  under  the  overall  guidance  and  direction  of  FAA. 

Airline  View  on  Priorities 


In  considering  the  many  areas  in  which  NASA  can  make  important 
contributions  to  iraproveswnts  in  aviation,  air  treuisportation,  and 
aviation  safety,  it  is  difficult  to  establish  priorities,  since 
much  work  can  be  done  in  parallel  and  simult)tneously.  The  following 
represents  a  rough  priority  order  which,  in  the  view  of  the  airlines, 
represents  areas  in  which  work  is  most  urgently  needed  and  where 
fruitful  output  would  be  most  valuable. 
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In  the  later  portions  of  this  report  relatively  detailed 
recossnendations  are  made  in  a  number  of  work  areas  of  major  concern 
to  the  airlines.  The  following  listing  is  intended  as  a  general 
priority  of  effort,  and  as  an  indication  of  funding  priority  when 
all  efforts  cannot  be  funded  fully. 

1.  Noise  Analysis  and  Abatement 

a.  The  greatest  need  for  NASA  effort  and  results  lies 
in  the  area  of  noise  and  its  abatement.  The  air¬ 
lines  believe  that  there  is  a  need  tor  a  compre- 
henslva  fundamental  program  of  research  on  the 
mechanics  of  noise  generation.  This  work  should 
include  efforts  in  fan  noise  research,  jet  noise 
research,  engine  machinery  noise,  the  noise 
mechanisms  of  aircraft  structure  (aerodynamic  noise) , 
research  into  the  properties  and  best  application 

of  acoustic  Biaterlals  and  treatioent,  and  the 
establishment  of  a  realistically  achievable  minimum 
noise  level.  This  %Kirk  should  give  important 
consideration  to  the  practical  economics  of  noise 
reduction. 

b.  The  efforts  to  obtain  empirical  data  to  establish 
the  value  of  new  front  fans  for  the  JT3D  and 
JT8D  should  be  carried  to  completion. 

c.  There  should  be  a  thorough  and  well-funded  program 
of  noise  reduction  through  flight  operational 
procedures.  This  should  have  high  priority  insofar 
as  noise  abatement  hardware  research  and  development 
la  concerned,  since  results  in  this  effort  can  have 
a  relatively  early  as  well  as  an  important  impact 

on  the  problem. 

d.  There  should  be  a  comprehensive  fundamental  program 
of  research  into  several  aspects  of  psychoacoustics 
and  the  relationship  of  noise  annoyance  of 
individuals  to  ground  population  distribution  and 
other  variables.  This  effort  should  include  concen¬ 
tration  on  establishment  of  better  criteria  for 
measurement  and  description  of  noise  euinoyance. 

2.  Emissions 

A  solid  and  comprehensive  program  of  research  on  aircraft 
engine  emission  and  es^ssion  control,  and  establishment 
of  a  realistic  minimum  achievable  astlssion  level. 

3.  PTOpulsion,  Propulsive  Lift,  and  Alternative  Energy 
(Fuel)  Sources 


A  program  of  research  leading  to  improved  propulsion 
systems.  Improved  propulsive  lift  systems,  emd  other 
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baalo  propulalon-ralatad  afforta  auch  aa  tha  davalop- 
■aat  of  applloationa  of  altarnatlva  aouroaa  of  energy 
(fuela) . 

raw  of  Keaearch  In  Atrfraae/Aeronautlcal  Deal 


Thia  ahould  be  a  broad-gauge  effort  to  create  a  better 
technology  baae  In  alrfraae  and  atructural  d^algn 
innovation,  purault  of  new  aeronautical  daalgn  tech- 
nologlaai  and  continuation  of  the  traditional  HASA 
prograai  of  aaterlala  reaearch,  with  eaphaala  on  light¬ 
ening,  al^pllfication  of  structurea,  iiiprovenanta  in 
fatigue  life,  and  In-aarvica  reaearch  and  evaluation  of 
new  aaterlala  and  atructurea. 

Wake  Turbulenoa 

A  aoac>rehanalva  program  of  reaearch  to  eatabliah  the 
■eohaniam  of  wake  vortex  turbulence,  the  phyaica  of 
formation,  life  apan,  and  movement  of  typical  wake 
vortlcea,  and  a  coi^jrahenalve  program  of  reaearch  on 
tha  elimination  of  vortioea  at  tha  aourca. 

rational  ■fficlency  and  Maintalnablllt 


Thia  ahould  be  a  apeolfically  focuaad  multi-diaclpllnary 
effort  to  produce  fundamental  improvamenta  in  the 
efficiency  of  aircraft  uaad  in  tha  aviation  ayatem  with 
particular  aoiphaala  on  work  to  reduce  the  coat  of 
operatlena  and  improve  tha  performance  of  aircraft  uaed 
particularly  in  air  tranaportatlon.  In  thia  effort 
there  ahould  be  work  in  aircraft  optimization  for 
operation  in  the  exlatlng  and  the  proapective , hir  Traffic 
Control  ayatem,  ayatoi  deaign  from  a  maintenance  per- 
apeotive,  etc. 

Flight  Control  Avlonica  and  Syatem  Integrity  Reaearch 


A  reaearch  program  in  avlonica  and  flight  control  ayatema, 
concentrating  predominantly  on  application  of  active 
controla  aa  a  maana  for  airframe  deaign  almpllfication, 
atudlea  leading  to  better  atabillty  augmentation  ayatema, 
innovative  approachea  to  reliability  and  fault  aurvival, 
appllcatlona  of  new  avlonica  ayatema  emd  dlaplay  ayatema 
to  perform  unique  terminal  and  approach  maneuvera, 
activities  in  clear  air  turbulence  detection,  etc. 


Human  Pactora  and  Psychoacouatlca 


Reaearch  in  life  sciences  with  particular  esgxhasia  on 
physiological  factors  related  to  pilot  aasessa^ent  of 
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outai4«  visual  cuas  In  ralatlon  to  other  aircraft  and 
landing  Information,  physiological  factors  which  may 
lead  to  new  or  improved  display  systems,  Investigation 
of  the  optimum  pilot  role  In  automatic  and  semi- 
autosMtlc  flight  control  and  air  traffic  control 
systems,  studies  of  optimum  pilot  attention  and  aware¬ 
ness  techniques,  and  optimum  relationships  between 
simulation  vs.  flight  training  realism.  The  psycho- 
acoustics  effort  mentioned  in  1.  above  should  be 
encompassed  in  this  discipline. 

Detailed  Reccmmendatlons  on  NASA  Research  and  Developswnt 
1.  Holae  Analysis  and  Abatement 

a.  ran  Kolse  and  Efficiency  Research 

1)  The  airlines  support  the  continued  development 
of  new  front  fans  for  JTSD  engines,  and  continued 
effort  to  establish  the  benefits  of  new 
front-fan  development  for  the  JT3D  engine. 

This  work  should  continue  so  as  to  establish, 
in  realistic  terms,  the  prospective  results 
from  such  modified  engines. 

Data  from  these  programs  on  a)  achievable,  noise 
reduction,  b)  degradation  or  improvement  in 
aircraft  performance  and  engine  efficiency, 
and  c)  relationship  of  new  front-fan 
Implementation  to  nacelle  acoustic  treatment, 
should  then  be  exastined  from  the  standpoints 
of  economic  viability  and  prospects  for 
meaningful  reduction  of  noise  annoywce  as 
perceived  by  airport  neighbors.  (See  also 
b.  and  d.) 

2)  Research  to  establish  the  value  of  single 
stage  high  speed  (1.7  to  1.9  pressure  ratio) 

fans. 

3)  Research  to  establish  capabilities  of  two-stage 
low  speed  high  pressure  ratio  (1.9  to  2.5)  fans. 

4)  Assessment  of  possible  advantages  of  vasi^ble- 
pltch  fans  at  different  bypass  ratios.  ' 

5)  Research  an  optimum  inlet  -  plus  -  fan  aero¬ 
dynamic  design  integration. 

6)  As  a  longer  term  effort,  research  to  establish 
the  capabilities  of  low  speed,  low  pressure 
ratio,  single  stage  fans  (1.1  to  1.3),  in¬ 
cluding  variable  pitch  fan  effects. 
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7)  As  longar  term  resasrch,  a  study  to  astablish 
the  capabilities  of  multi-stage  fans  of  very 
high  pressure  ratio  (1.9  to  3.0)  for  STOL  and 
SST  applications. 

b.  Jet  Noise  Research 

1)  Research  to  establish  the  capabilities  of  tlie 
low  speed  jet  (700  ft.  to  1500  ft.  per  second) 

2)  Research  to  determine  effects  of  —  turbine 
swirl,  clearance,  tip  speed,  nozzle  config¬ 
uration,  nixing  suppressors. 

3)  Research  to  establish  capabilities  of  coaxial 
jetsi  noise  behavior  of  a  coaxial  jet  systen 
at  normal  climb  speeds,  including  effects  of 
flow  disturbances  in  the  mixing  zone  between 
the  jets. 

4)  AS  longer  terra  research,  establish  the  capa¬ 
bilities  of  high  speed  jets  (1500  feet  per 
second  to  3000  feet  per  second) . 

5)  Establish  the  capabilities  of  low  speed  jets 
(500  feet  to  700  feet  per  second). 

6)  As  longer  tern  research,  basic  combustor /duct 
burning  and  after  burning  characteristics. 
Research  in  acoustic  materials  to  establish 
optlsnim  materials  for  engine  noise  suppression 

c.  As  longer  tern  effort,  research  to  establish 
minimum  practical  aircraft  noise  level  due  to 
flaps  and  gear  protuberances,  vortex  turbulence, 
etc. 

d.  Research  on  determination  and  prediction  of  a 
minimum  practical  propulsion  systen  noise  level. 

e.  Research  on  the  effects  of  inlet  shape  and 
veriable  geometry  effects  on  noise  including 

the  effects  of  1)  sonic  inlets,  2)  engine  position 
for  minimum  noise,  3)  retractable  splitters, 

4)  variable  llp/suck-in  doors. 

f.  Structural  research  on  advanced  load-carrying 
acoustic  treatment  materials. 

g.  Psychoacous  ties 

1)  Spectral  shaping  as  an  ai^roach  to  reducing 
psychological  reaction  to  noise. 
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2)  Bffact  of  low  velocity  nolaa  and  bouea  vi- 
bratlone/rosonance  on  annoyance. 

3)  The  relatlonahlp  of  annoyance  to  deaographlc 
(social  and  econoedc)  variables. 

4)  Continued  research  to  develop  a  subjective 
noise  unit,  quantifiable  in  neasurable 
physical  tens  as  a  predictor  of  huaan 
response  to  noise. 

5)  Research  on  the  affect  of  thrust  raverser 
noise  and  control  techniques  on  coanunlty 
annoyance . 

6)  Validation  of  current  slanc  range  noise  levels 
(beyond  3,000  feet  up  to  at  least  20,000  - 
30,000  feet)  to  esitablish  baseline  footprints 
of  existing  aircraft  (as  a  joint  project  with 
FAA) . 

h.  Noise  reduction  through  flight  operational  procedures 

(program  should  be  conducted  jointly  with  FAA) . 

1)  Validation  of  realism  and  effects  of  aircraft 
procedures  including  effects  of  psychoacoustic 
reaction  and  fear  of  crash  by  people  on  the  ground. 

2)  Validation  and  establishswnt  of  criteria  for 
two-segment,  multi-segment,  or  curved  aircraft 
approach  systesis,  as  well  as  continued  search 
for  alternative  methods  of  achieving  noise 
reduction  by  procedure  (such  as  reduced  flap 
approach  procedures)  and  application  of  selected 
techniques  to  typical  aircraft. 

3)  A  research  program  aimed  at  reducing  takeoffs 
noise  through  new  or  li^roved  procedures. 

Examples  of  such  research  could  encompass 

O”  flap  takeoffs  (which  could  lead  to  a 
requirement  for  iiiq>roved  tires  and  to 
recertification  of  most  existing  aircraft) 
emd  autoBUtic  programmed  flap  reduction  to 
achieve  noise  reduction  on  takeoff. 

2.  Emissions 


a.  Demonstrate  coeibustors  meeting  the  goals  specified 
for  the  NASA  Advanced  Technology  Transport  (ATT) 
activity  for  smoke,  carbon  monoxide,  nitrous 
oxide,  and  hydrocarbon  emission  levels  in  current 
high  by-pass  engines. 
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b.  Validat*  affaots  of  wotox  injoetloii  on  nitrous 
oxlds  foxnatlon  on  various  engines,  and 
deBonatrata  af facts  on  and  of  other  sBisaions. 

o.  Davalop  and  dsMonstrata  advanoad  eoaibuator  systesi 
for  nitrous  oxide  control  on  appropriate  real 
anginas  capable  of  reducing  nitrous  oxide  by 
one  half  by  1975,  without  water. 

d.  Conduct  research  to  aatabliah  valua  of  two- 
stage  ooadbustor  procasaes,  and  watar  injection 
effects  on  jot  engine  esdsalons. 

e.  Develop  and  desKinstrate  advanced  ccobustion  systems 
capable  of  reaching  ATT  goals  (by  1979) . 

I  ( 

f.  Review  and  Investigate  dispersion  of  polluhemts  fxoa 
aircraft  anginas  in  the  upper  atsnsidtere.  r  This 
effort  should  be  a  part  of  broader  NASA  atisospheric 
pollution  studies,  such  as  the  Global  Air  Pollution 
Saaqpllng  program,  %d>ich  should  aaiphasize  the  overall 
anvlronsental  goals  of  tha  nation. 

Propulsion.  Propulsiva  Lift,  and  Alternative  Energy  (Fuel) 
BdUroet  ~ 

a.  Research  into  econonics  of  gas  turbine  englne/propulsion 
systems.  Undertake  a  research  effort  to  establish 
the  cost  benefit  relationship  of  various  engine 
design  features  as  a  guide  to  producing  econoadcally 
and  environmentally  attractive  propulsion  systeu. 

Such  a  program  should  be  started  forthwith  to 
insure  better  guidance  than  the  current  ATA  methods 
for  assessing  engine  design  features.  It)  should 
address  tha  following: 

1)  Maintainability  criteria  and  design  requirements. 

2)  Reliability  criteria  and  design  requlrranents . 

3)  Fuel  consumption,  purchase  cost  and  maintenance 
cost  relationships  and  trade-offs. 

4)  Cost  for  development,  certification  and  production 
and  minimisation  (realism  of  certification  testing 
requlraSMnts) . 

5)  Advanoad  engine  diagnostics.  Including  better 
Instrumantation . 
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b.  bdvaaoad  TazbiaM  -  Loagar  Taza  laaaareh 

1)  Aaaaazeh  to  aatabllah  optlaua  chazaetariatlea 
for  highly  loadad  high  spaad  turblnaa  (raducad 
cost  of  high  praasura  turblaa  aodulaa) . 

2)  alghly  loadad  low  apaad  turblnaa  (raduca  coat 
of  low  apaad  fan  turbine) . 

3)  Tiartilna  Natarlala  —  ii^roved  Ufa,  hl^er 
taaparatura,  lower  coat. 

4)  Burat  protection. 

e.  latagratad  Haoalla  Daalgn  t  Aarodynaalea  -  Near 

Taza  Naaaarch 

■aaaaroh  to  aatabllah  optlaua  charaotarlatlca  for: 

1)  Weight  redaction  euid  ii^>rovad  eooncalca. 

2)  validate  drag  and  parfozaanea  of  hlgh*apeed 
nacalla  configurations. 

3)  Beonoale  utilization  of  material  for  acoustic 
treataant. 

4)  Mazlalia  aalntalnablllty. 

5)  laprove  angina  and  reveraer  daalgn  techniques. 

d.  Advanced  Engine  Control  t  Instruaantation  -  Near 

Taza  Naaearch 

1)  Davalopaant  of  sore  rugged,  reliable  and  accurate 
inatruaontatlon  for  engine  operation  (presaure, 
taaperature,  vibration)  and  diagnosis  of  engine 
faults.  Including  investigation  of  computer 
software  techniques  for  perfonsing  aircraft' 
engine  diagnosis  and  diagnoses  of  other  complex 
airborne  systeas. 

2)  Davalopaant  of  engine  controls  which  will  provide 
desired  required  power  at  fixed  power  lever  angle 
during  appropriate  flight  segment. 

3)  Research  Into  development  of  simpler,  more  meaning¬ 
ful  cockpit  displays  of  engine  performance 
paramatars,  and  a  search  for  ing>roved  fuel  quantity 
sensing  systems  which  would  avoid  problems  of 
alectrlcal  noise  and  contaminants. 
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a.  Mvancad  Coapraasors/Fana 

1)  Raaaarch  into  lotrar  coat  coaipraaaora/fema  with 
high  ataga  loading,  fewar  bladaa  —  for  praasura 
ratioa  of  20  to  30. 

2)  Coapoalta  aatariala. 

3)  Bur at  protaetion. 

4)  Low  datarioration  of  parfonaanca  and  atall  luurglna. 

5)  Raaaarch  into  posaible  appllcationa  of  advanced 
tachnology  airfolla  to  rotating  ccapraaaora, 
auch  aa  Invaatigatlon  of  aupar-critioal  airfolla 
for  acppraaaor  and  turbine  blading  to  achieve 
lighter  and  higher-perfonuuice  rot^lry. 

f.  Raaaarch  to  create  more  efficient,  quieter  propulalve 
lift,  covering  the  range  of  aircraft  frcn  con¬ 
ventional  to  reduced  talceoff  and  landing  aircraft, 
toward  achievement  of  quiet  economical  ao-called 
‘true*  STOL  operation.  The  goala  for  ‘true  STOL* 
aircraft  are  ao  challenging  that  to  pursue  the  trork 
wltn  laaa  than  adequate  tools  would  be  false 
aconoSQ^.  With  respect  to  a  ‘QUESTOL*  research 
vehicle,  the  airlines  support  NASA's  view  that 
current  research  vehicles  do  not  have  the  versa¬ 
tility  to  make  thou  suitable  as  test  beds  for  solving 
the  vexing  problems  which  face  quiet  propulsive  lift 
vehicles,  and  thus  support  a  NASA  research  aircraft 
to  perform  the  needed  research  in  a  timely  and 
practical  sianner. 

g.  Research  Into  New  Fuels 

An  energetic  research  effort  to  cover  all  critical 
aspects  of  the  search  for  new,  unique  fuels  and  the 
propulsion  systems  which  might  utilize  them,  as  a 
longer  term  rsplacmnent  for  current  fuels. 

4,  Airframe/Aeronautlcal  Design,  Structures,  and  Materials 

a.  Research  to  achieve  improved  landing  and  stopping 
performance  by  use  of  non-runway  dependent  systems 
such  as  air-cushion  landing  systems  or  reversible 
fans. 

b.  Supercritical  wing  technology  should  be  tested 
and  developed  as  it  might  apply  to  coanercial 
aircraft  configurations,  including  full  scale 
research  on  low-wing  aircraft  to  assess  inter¬ 
ference  effects,  ground  effects,  etc. 


38-266  O  -  74  -  H 
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c.  Tte  traditional  NASA  prograa  on  aatarlala  rasaarch 
and  davolopaant  should  procaed  with  Mphaaia  on 
prospaotiva  ll^tanlng  and  aiaqpllfleation  of 
atructura,  and  In-aarvlca  avaluatlon  of  mliablllty 
and  naintalnablllty  of  now  structural  aatarlala  and 
structuroa . 

This  offort  should  Includa  aaphaais  on  davalopaent 
of  now  coating  and  plating  procaasaa,  and  Inspactlon 
taohnlquas,  for  raatoratlon  of  surfaces  that  have 
datorlorat^  In  normal  service. 

d.  Nasaareh  and  trade-off  studies  should  continue  on  the 
use  of  stability  augmentation  systaas  (SAS)  to 
augment  the  unatablllilng  effect  of  super¬ 
critical  wing  technology,  and  on  the  use  of  full- 
tlms  active  stabilisation  systaas  In  terms  of 

their  Impact  on  simplification  and  lightening  of 
aircraft  structure. 

e.  A  research  effort  to  establish  the  capabilities 
of  variable  geometry  aircraft  for  transport 
applications.  This  program  should  includa  the 
study  of  optimum  aconosdcs  of  the  subsonic/ 
supersonic  mode  of  operation  to  help  deal  with 
the  prospects  of  eliminating  overland  booam  in 
supersonic  aircraft. 

f.  With  respect  to  STOL  and  WOL  aircraft,  research 
should  ss^ibaslse  the  establishment  of  a  framework 
of  an  'economic  criterion  of  design.*  Since 
past  NASA  work  has  focused  attention  on  a  aeries 
of  technology  problwis,  such  a  design  criterion 
would  be  helpful  In  assessing  the  value  of  future 
research  Into  STOL  and  VTOL  aircraft. 

Wake  Turbulence 


a.  A  high  priority  effort  to  establish  the  character¬ 
istics  of  wake  vortices,  their  life  cycle,  deteri¬ 
oration  BMChanlsm,  and  movement  with  the  passage 

of  time  and  under  varying  meteorological  conditions. 

b.  Rssearoh  into  the  causes  of  wake  vortex  creation 
and  study  of  methods  of  reducing  or  modifying 
wake  vortices  on  existing  aircraft  with  minimum 
modifications  of  the  aircraft,  and  minimum 
reduction  in  efficiency. 

c.  Neseareh  into  more  drastic  means  for  ameliorating 
or  elisdnating  wake  vortices  from  existing  and 
future  planned  aircraft. 


205 


d.  KaaMreh  Into  th«  optiam  anthoda  for  fqllowlng 
aircraft  to  avoid  hamful  affacta  froai  wakaa 
in  tha  path. 

a.  Cloaa  cooparativa  affort  with  FAh  in  tha  davalop- 
aant  of  waka  vortax  dataction  and  warning  ayataaa. 

6.  Aircraft  Oparational  Bfficiancy  l^iewrMaanta 

Thia  ahould  ba  a  apacifically  focuaad  mlti-diaciplinary 
affort  to  produca  fundanantal  iaprovaaanta  ip  tha 
afficianey  of  aircraft  in  tha  aviation  ayataa,  with 
enphaaia  on  work  to  raduca  coat  of  operation  and  inprova 
parfocaanca  of  aircraft,  aapacially  thoaa  uaad  in  air 
tranaportation.  Thia  ahoold  ba  a  apacifically 
deaignatad  program  taak  for  MASA.  Oaaful  raaulta  would 
yield  valuable  advantagaa  to  U.  S.  induatry  and  tha 
international  conpatitlve  market,  aa  wall  aa  offering 
advantagaa  to  all  who  uaa  air  tranaportation. 

A  part  of  KASA'a  afforta  ahould  be  to  identify  araaa 
idiera  praad.aing  work  ahould  ba  dona.  Tha  following 
ahould  ba  apacifically  conalderadt 

a.  Raaaarch  afforta  on  the  iaprovament  of  tire  life, 
integrity,  and  of  the  entire  tire/braking  ayatem. 

b.  Raaaarch  towarda  providing  better  traction  under 
advarae  runway  condltlona  and  to  prevent  hydro¬ 
planing. 

c.  Raaaarch  into  iaprovaaMnta  in  tread  and  carcaaa 
daalgn,  aa  well  aa  tire  teat  mathoda. 

d.  Raaaarch  into  matariala  uaad  in  runway  aurfaeing 
to  overcame  allppery  runway  probleam  aa  wall  aa 
raaaarch  into  batter  waya  of  removing  ice  and 
anew.  (Thia  work  ahould  be  done  in  cooperation 
with  FAA.) 

I 

e.  Raaaarch  into  the  development  of  evacuation  and 
eacape  ayatema  algnificantly  more  dependable  and 
aafer  than  thoae  currently  in  use. 

f.  Raaaarch  into  ayatem  deaign  from  a  maintainability 
parapectlve.  Thia  should  not  be  aimply  a  design 
improvement  effort  but  a  broad-based  examination 
of  tha  aircraft  systams  including  matarials, 
structures,  avionics,  accessories,  engines,  and 
other. hardware,  to  determine  whether  there  are 
batter  ways  of  Integrating  aircraft  systems 

to  persdt  simpler,  more  maintainable  transport 
vehicles. 
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g.  Rasaarch  into  laprovad  aathoda  of  locating 
alxcraft  downad  In  daap  watar,  aa  wall  as 
raaaarch  on  optlmn  ditching  tachnlquas  using 
aircraft  mode la. 

h.  Raaaarch  on  vahicla  optlBlzatlon  for  oparation 
in  the  existing  and  prospective  Air  Traffic 
Control  aystaa,  starting  with  the  problen  of 
optialzing  passenger  and/or  freight-through-put 
at  given  airports  of  limited  acreage. 

Research  to  establish  changes  and  laprovsaMnts 
which  can  ba  made  to  aircraft  operation  to  permit 
a  simpler,  more  efficient  air  traffic  control 
process.  In  any  such  work,  the  basic  guidance 
and  direction  should  ba  provided  by  FAA,  and 
criteria  provided  by  FAA  on  the  prospective 
characteristics  of  the  Air  Traffic  Control 
system,  and  areas  in  which  vehicle  improvosents 
would  pay  off. 

Flight  Control  Avionics  and  Integrity  Research 

a.  Raaaarch  into  the  application  of  active  controls, 
and  the  potential  application  of  * fly-by-wire* 
ayatama,  as  a  means  of  airframe  design  simpli¬ 
fication,  with  particular  emphasis  on  Innovative 
approaches  to  reliability  and  fault  survival. 

b.  Research  in  flight  control  systems  leading  to 
better  and  simpler  steUsllity  augsmntation  systems 
ride  comfort  systems,  and  simplification  of 
automatic  flight  control  designs.  Basic  research 
(as  opposed  to  system  design  refinement)  for  the 
achievement  of  new  orders  of  reliability,  fault 
survival,  and  system  Integrity  in  full  time 
stability  augmentation  and  flight  control  systems 

c.  Research  into  the  applications  of  new  avionics 
and  displays  to  permit  siBg>le  pilot/aircraft 
performance  of  unique  terminal,  approach,  and 
departure  procedures  (in  concert  with  FAA  Air 
Traffic  Control  system  improvements) .  This 
effort  should  be  based  on  FAA  statements  of 
criteria  on  eiqpected  and  desired  characteristics 
of  future  airports. 

► 

d.  Continuing  research  into  siller  and  more 
effective  methods  of  clear  air  turbulence  de¬ 
tection  and  clear  air  turbulence  warning  systems. 
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8.  Kb— a  F»ctor«  and  Paydioaeomtles 

This  rasaurdi  affort  in  Ufa  actaneas  ahould  placa 

particular  amihaala  on  phyaiologlcal  factora  ralatad 

to  pilotsi 

a.  Aaaaaa— nt  .of  liaitatlona  of  outaida  viaual 
cuaa  In  paralttlng  pilota  to  ana  othar  aircraft 
and  in  landingt 

b.  aatabliah— nt  of  phyaiological  factora  which 
— y  laad  to  naw  or  iaprovad  diaplay  ayata—i 

c.  aatabliahaMnt  of  pilot  factora  to  aid  in 
datazaining  optiaua  pilot  rola  in  auto— tic 
and  a— i-auto— tic  flight  control  ai^ 

Air  Traffic  Control  ayate— } 

d.  atudiaa  of  optianiD  pilot  attantion  and 
awarenaaa  tachniquaai 

a.  optiaua  ralationahipa  batwaan  aiaulation  and 

flight  training  in  ter—  of  training  realiaa;  and 

f.  contlnuad  reaearch  into  batter  and  alapler 
pilot  training  devicea. 

9.  Additional  Research  Haeoai— ndationa 

a.  Reaearch  and  develop— nt  toward  achieveaient  of 
an  Inaectlclda  which  can  be  dlapenaed  through 
nor— 1  aircraft  air  conditioning  distribution 
ayateas  during  taxi-out.  Such  insecticide  must 
be  compatible  with  all  aircraft  — terlala,  and 
be  non-hazardous  to  humans  (infant  and  adult), 
live  cargo,  or  agricultural  materials. 

b.  Research  into  advanced  filtration  syste—  for 
control  of  odors  and  contaminants  which  enter 
the  cabin  through  the  air  conditioning  system, 
putlcularly  during  extending  ground  holding 
periods  prior  to  take-off. 

c.  Research  and  develop— nt  into  Is^roved  heat 
transfer  methods  for  discrete  electronic  units, 
and  studies  into  reliability  and  life  improve- 
— nt  for  electronic  systems  under  various 
conditions  of  environmental  control. 

d.  Research  and  develop— nt  into  lag>roved  hydraulic 
fluids.  There  la  need  for  work  on  a  fire- 
resistant  fluid  with  fewer  undesirable  side 
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•f facta,  iaq^rorad  aatal  aroslon  eharaotar- 
iatlea,  hl^ar  thazaal  atabillty,  and  lowar 
aolvaaey  activity,  than  currant  flulda. 

a.  Oa«M  data  collaotlon  and  atudlas  of  tha 
affact  of  oaoaa  on  aircraft  aatarlala  for 
conaldaratlon  of  futura  StT  daslgna. 

Othar  MASA  Haaaarch  Araaa 

In  addition  to  tha  abova  nlna  oataqorlaa  of  raaaarch,  tha 
alrllnaa  support  NASA  raaaarch  afforta  In  basic  satalllta  taeh- 
nology  as  thay  aay  laad  to  laprovad  caaminlcatlona  and 
(aubsaquantly)  ranging  'lapabllltlaa.  Such  work  should  ba  dona 
uadar  tha  dlraotlon  and  guldanoa  of  PAA. 

Alrllnaa  aaa  ralatlvaly  llttla-  proapactlva  banaflt  for 
civil  tranaport  oparatlona,  aspaclally  In  the  naarar  tarm,  la 
such  afforta  as  mOL  or  tilt  rotor  raaaarch,  nor  raaaarch  on 
hyparsonlc  transport  vahlclaa. 

Tha  alrllnaa  support  further  work  In  tha  baalc  tachnologlas  of 
suparaonlc  flight  In  ordar  to  aalntaln  aa  accaptabla  D.  8.  basa 
for  thla  tachnology. 


pMNiDMilf  ^1^4 HMifef  9MI of  1m4 lOiAMIlMo  tnMfcii<Bt  I 

ta  dll  U»  Diwioyiit  Oitriw  (UPC)  dw  , Until ni  cD*M1Mm%  BMd  MMd  prt«Mqi  ly 

■ddumMb  nd  ^twdda  of  aw  aMdUi  ««ba«  *i  «><  te  *•  IdWladMi  aov 

nqidnd  hi  radh  add  a!  drama,  k  t  «gd<  pkptd  tr  telv*  ■*  n*  aaMd  rdtMMldantd 
by*«ttil^ipodydw<dMaar«liiwaMloatfcttiiamaaia0ta>wiwaain»MadM»i— ■gw.tk 
■dnal  af  dH  poiadiM  Aranat  aadd  tmk  Mt  nar  HMaW  aMOfOlM  ty  aidda^r  WiM  Ml 
aiHdw lain  da —total— da IwrafaiHk tad kaaadawdindat»«ptiad»». 
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II  ■  my  phiwR  to  man  you  ml  Urn  mu^m»  of  Mi  cnamiiiM  Ml  •  flyli«  anfcl  of  ndi  i 

dnte  ii  lUw  aid  ml  mid  IMii(  it  Al  Ammlomi  Co*Vuy  IB 

Ha  Al  Aaaika  Amatm  aaamit  kii  hMa  ammlBil  by  la  Am«i>Mi  Cmpoottoa  of  B 
Sma*>,  CdWnli  date  aMncl  tom  Ihi  UA  PaiM  Smda  al*  M  0|Mm  mnail  Ml  M 
Aaocnai  b  IMMi,  imI  aMM  M  MM  of  M  Ml  ml  yoaaMM  •  MM'  ""M  lad  ooM  tUtcUm 
mMM,  BM  oaiy  lioi  Mbw  lanMay  bal  fof  MMV  dHai  BMO. 


A  Ui  S.  Nny  ooaaaci  ka  jpM  Mm  oaiBilHid  Ml  M  Braly 
AMOMm  noaoipt  b  faly  ai||iiMf  Mr  mnaMi  BHimiBl  aBdi  ytiaMi,  maa 
Anaami  b  naariaMy  haaMM  M  MbmIbhI  aoWd  MMMaMi.  la  Ml,  M 


kIbM  M  oqail  idMttMlaiiBdyaiaMWlftMallmMt 
fll^  M  0  halaitMiia  obylai)  abb  ha  Mb  ■  1 M  MMI  «a 


Maldly  of 
*piMa.l 
BolaMihl 
MMMiyi 


A  bibf  dMoripHm  of  M  i 


»iiMlaMbiMaM||bMofMliMli|BHlpw|—iaidid.'lbiMMMAblyaf  CnaMBil. 

AdiaBadCBBoifliIlMblaBbM>BdpaiyMaaanMmmaaaMllyfaMI>»ICBaliiol.TbihaMi 
CnanMiSyiMaifbbloBafM  AiMMMiblCeBatlbMdbBaalaliiBMIaMAMBaimMUIMIIlBk 
hi  ooaMiMnUp  In  Mpport  of  ailtMy  opmttoat. 


IbfoilMnmiMiiMMiBiboMliHiiilimii  byrnapbanfMaadteiaHliMnilyofM 
AMOoim  ooaeiBC  Wi  aaM  aataaa  M  onamaby  IS  dmaabna  M  33  (OBI  alii  iiaa  flyMi  BBdil 
BOM  nporilliaal  M  lflaM*oa.  PMaito. 


Ill 
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THE  UROCMNE 


A  NEW  CONCEPT  IN  ULTRA  HEAVY  VERTICAL  UFT 
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Detcription  of  a  Fifty-Ton  SBngloxi  Aerocrane 

Figure  1  shows  a  conceptual  Aerocrane  with  four  n2>root 
long  by  18<foot  wide  wings,  each  having  a  turbo  prop  power 
plant  mounted  on  a  1  SO-foot  diameter  spheroid. 

Also  shown  in  the  figure  is  one  possible  approach  to  the  design 
of  the  skeletal  structure  internal  to  the  spheroid;  a  li^t-weight 
concept  having  tubular  wing  spars  extending  from  a  central 
point  within  the  spheroid  with  another  tube  extending 
through  the  vertical  axis  down  to  the  control  cab.  A  matrix  of 
cables  interconnecting  these  tubes  completes  this 
uncomplicated  but  efficient  primary  structure. 


AerotUt 

The  aerostatic  portion  of  the  Aerocrane  is  sized  to  achieve 
sufficient  buoyance  to  lift  the  total  vehicle  weight,  including 
fuel,  plus  buoyancy  of  up  to  SO  percent  of  the  slingload  (in 
this  case  50,000  pounds). 

The  I  SO>foot  diameter  spheroid  is  constructed  of  a  membratre 
covering  Che  pritrtary  tube  and  cable  structure. 

Wings  and  Powerpiants 

The  aerostatic  lift  is  supplemented  by  aerodynamic  lift 
generated  by  rotating  the  entire  spheroid/wii^  assembly  at  a 
low  speed  (approximately  10  RPM).  The  aetodynarruc  lift 
provided  by  the  wings  is  SO  percent  of  the  slingload  (50,000 
pounds).  The  rotor  thrust  is  vectorable  and  is  used  to 
maneuver  and  propel  the  Aerocrane. 

An  estimated  (maximum)  1500  horsepower  turbo  oroo 
powerplant  on  each  of  four  wings  will  provide  the  power 
necessary  to  lift  a  SO-ton  slingload  and  translate  at  42  mph. 


The  low  wing  loading  resulting  from  (he  low  relative  wiird 
velocities  and  the  external  wing  cable  supports  permits 
uncomplicated  construction  techniques,  much  different  than 
either  high-speed  fixed-wing  or  conventional  rutary-wmg 
aircraft.  Because  of  the  buoyance  of  the  Aerocrane,  structural 
wei^t  is  also  less  important  relative  to  present  powered 
aircraft  and  therefore  permits  lower  cost  and  longer  life 
component  design  while  maintaining  a  high  operating 
efficiency  and  low  cost  operation. 

Because  of  varying  lift  requirements  and  the  necessity  of 
vertical  and  horizontal  directional  and  rate  control,  the  wings 
will  require  both  cyclic  and  collective  pitch  control.  This  will 
be  accomplished  from  either  a  mechankaJ  or  combination 
mechanicai/aerodynamic  control  system. 

Hie  wings  will  be  attached  to  the  spheroid  at  the  equatorial 
plane  through  pivotal  connections  to  the  tubular  spars  which 
^verge  at  the  centroid  of  the  sphere. 


Control  Cab 

A  control  cab  or  gondola  from  which  the  Aerocrane  wtU  be 
piloted  is  located  directly  below  the  vertical  centerline  of  the 
spheroid. 

This  gondola  must  be  adequate  to  provide  all  the  necessary 
engine  and  flight  controls,  navigation  equipment,  radio 
equipment  and  life  support  functions  dictated  by  the  mission 
requirements. 


To  provide  positive  unentation  of  the  control  cab  and  prevent 
rotation  with  the  spheroid,  there  is  a  swiveling  joint  above  the 
cab  and  a  retrograde  drive  system  (see  Figure  2). 
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Perforimnce 

The  Aerocrane  adds  a  totally  new  dimension  to  the 
performance  of  air  vehKles  with  respect  to  payload  capability, 
vehicle  cost  per  pound  of  payload  and  operating  cost. 


scaling  ejects  on  the  Aerocrane.  Note  that  an  Aerocrane 
capable  of  lifting  220.000  pounds  would  have  a  sphere 
diameter  of  19S  feet  (only  45  feet  larger  than  one  for  100.000 
pounds)  and  require  a  total  horsepower  of  about  13,500  to 
translate  at  42  knots. 


While  the  Aerocrane  is  inherently  limited  to  relatively  low 
translational  speeds  because  of  the  high  parasitic  drag  of  its 
aerostatic  sphere  and  normal  slin^oads,  it  has  high  efficiency 
over  most  normal  wind  conditions  at  the  low  altitudes  in 
which  it  will  normally  operate. 


Figure  3 


Another  attractive  feature  of  Aerocrane  lies  in  its  overload 
capability.  A  vertical  lift  overload  of  J>out  20  tons  is  possible; 
translational  H>eed  capability,  however,  will  be  reduced,  in 
other  words,  if  structurally  designed  to  resist  the  20-ton 
overloads,  (he  SO-ion  Aerocrane  would  be  able  to  lift  70  tons, 
but  translate  jt  25  K. 


Figute  3  i»  «  plot  of  vehicle  lime  efficiency  at  difTetent  wind  Vehicle  purchist  cost  relaiive  lo  payload  capaciiy  is  anoihei 

speeds  for  a  42  roph  Aetoorane.  In  this  case  vehicle  time  important  perfoimance  consideiation.  For  example,  each 

efficiency  is  the  ratio  of  lime  under  no  wind  conditions  to  pound  of  payloed  capacity  in  a  CH47C  helicopiet  costs  about 

cover  one  nautical  miles  to  the  average  time  to  cover  one  SlOO,  or  about  the  same  as  a  Boeing  747.  An  Aerocrane.  on 

ncutical  mile  in  each  direction  under  ambient  wind  conditions.  the  other  hand,  is  estimated  to  cost  about  $25  pet  pound  ol 

Note  that  ia  winds  up  to  approximately  30  mph,  efficiencies  of  slingload  regardless  of  its  siae.  Figure  5  compares 

over  50  percent  result  over  any  dosed  course,  reptesenutive  fixed-  and  rotary  wing  aircraft  payloads,  cosis 

«itd  speeds  to  Aerocranes  of  50-  and  ISO-ton  slingload 
capacities. 

Control  System 

Although  it  may  prove  possible  to  use  norma!  helicopter  type 
cyclic  an  1  coUective  pitch  control  for  the  Aerocrane.  the  rigid 
nofi-ilapping  udngs  may  iransmit  unacceptable  cyclic  loadings 
to  the  Aructure  resulting  in  a  wallowing  action  would  could 
cause  crew  discomfort.  Preliminary  calculations  have  shown 
also  Chat  quire  high  aerodynamic  gust  and  maneuveri..g  loads 
are  possible  if  the  relieving  effect  of  blade  Hap  is  not  present. 

One  promising  approach  is  a  control  system  in  which  the- wings 
are  pivoted  well  ahead  jf  their  aerodynamic  center  and  torque 
of  known  amounts  is  collectively  and  cyclically  applied  to 
induce  the  required  thrust  from  each  blade.  The  problem  of 
phase  lag  due  to  a  change  in  moment  not  giving  an  immediate 
change  in  thrust  must  be  carefully  considered. 

The  use  of  aerodynamic  (tab  or  elevator)  control  welt  as 
direct  root  control  will  be  considered. 


Figured 


In  contrast  to  the  traditional  penalties  for  scaling  up  a 
conventional  rotary  wing  aircraft,  the  Aerocrane  becomes 
more  attractive  in  larger  sizes.  Figure  4  shows  the  approximate 
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Btouase  of  the  high  reserve  buoyancy  to  drag  ratio  inherent  in 
a  large  Aerocrane,  mooring  under  hig[\  winds  appears  feasible. 

Figure  6  shows  a  possible  two  line  mooring  configuration  for  a 
SO-ton  siingioad  Aerocrane  in  well  above  hurricane  force  wind 
conditions  (100  knots).  Note  that  the  1 J  net  litt-to-drag  ratio 
give  80  feet  of  vertical  ground  clearance  above  the  ground 
tether  point  with  apprc.Jmately  SOO  feet  of  mooring  line 
length. 

This  is  a  purely  static  approach  to  a  highly  dynamic  situation 
and  is  not  intended  to  indicate  that  a  vehicle  of  this  si2e  can  be 
successfully  moored  under  the  ■  conditions.  Until  satisfactory 
mooring  systems  can  be  anal)  :d  and  tested,  a  vehicle  of  this 
type  will  be  better  in  flight  during  unusual  wind  conditions. 

Many  potential  uses  have  been  suggested.  The  cover  illustrates 
a  nuclear  generating  plant  component  weighing  SOO  tons  being 
transported  by  an  Aerocrane.  The  following  illustrations  point 
out  a  few  more  suggested  uses. 


CONTAINER  SHIP  UNLOADING 


WHOLE  TREE  AERIAL  LOGGING 
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Aoronoutlcol  end  Spoco  Scloncos  will  hold  hoorings  this  month  to 
Invoitigato  now  idMi  for  aircraft  of  tho  1980*s  and  boyond.  Lot  mo 
urM  mot  your  constdorotions  Includo  tho  future  role  of  tho  light 
heJlcoptor,  porticulorly  In  uibon  transport > 


Teeheieol  OfndMt 
Edward  S.  Carter,  Ir. 


Award#  CholrMa 
lomee  F.  Attine 


Meahwfhip  Cheimaa 

Robert  A.  Wagner 


Feraa  Cheimoa 

Carl  D.  Perry 


Enclosed  Is  o  copy  of  o  popor  presented  by  mo  to  tho  Hotlcopfor 
Associotlon  of  Americo  ot  on  onnuol  mooting  of  Its  full  mombonhip. 

It  would  bo  opproclotod  If  you  will  include  it  os  port  of  your  hoorlng 
record r  olong  with  this  letter. 

To  summarize  tho  popor,  wo  in  the  helicopter  Industry  bollovo 
thot  by  tho  1980's  tho  holleopter  will  beeomo  to  Intracity  transportation 
what  nxod*w{ng  olrcroft  have  been  to  intercity  transportation  for  tho 
post  30  years .  With  tneroosod  urban  surfoce  congestion ,  higher  costs  of 
rlghts<-of'’way  and  continued  decentralization  of  metropolitan  areas, 
local  commerce  and  intfoshy  will  need  o  transportation  a/stem  thot 
requires  o  relatively  small  investment,  uses  a  minimum  of  lond  and 
offers  the  potentioi  of  speed,  low  cost,  low  noise,  sofety,  convenience 
and  comfort.  The  soluti^  to  these  requirements  is  within  the  realm  of 
existing  helicopter  tecfoiology. 


Diraotora-at.Lasea 
Homan  R.  Auguatlna 
Capt.  David  L  Hughea.  USN 
Lawi#  G.  Knapp 
Robort  R.  Lynn 
HariMrt  F,  Moarioy 
Donald  W.  Rbbinoon 
Fiwdertck  G.  Schononbarg 
Paul  P.  Toggy 


I  believe  thot  the  enclosed  paper  substantiates  this  fully.  If 
further  details  or  documenta^on  is  desired,  please  feel  free  to  coll  on  me. 


Sincerely  yours. 


T.  R.  Stuelpnogel 
President 


Enc)/os  noted 


TnOMA»  R.  Stdelpmaobl 

vio  nmaiDCNT  amo 


cubvwi  errr.  caaii 
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The  Helicopier  is  a 
Necessary  Urbcm  Transport 
for  the  I980't 


Thomaa  R.  Stualpnagal 
Vice  Praaldant  and  General  Manager 
Hughea  Helicopter  Compaiqr 
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THE  HELIck.j^TER  IS  A  NECESSARY  URBAi.  TRANSPORT 
FOR  THE  1980'  « 


It  ia  well  known  that  the  economic  growth  of  an  urban  community  is  dependent 
upon  mobilitywithin  the  community.  The  question  posed  in  thie  etudy  is  whether 
this  mobilitycan  be  achieved  without  the  operation  of  an  urban  VTOL  transport. 

It  is  contended  that  a  sound  economic  growth  of  the  urban  community  will  re¬ 
quire  the  use  of  helicopter  transports  in  the  1980' s.  Further,  it  is  believed 
that  the  helicopter  will  be  to  intra  city  transportation  in  the  next  30  years  what 
fixed  wing  aircraft  have  been  to  inter  city  transportation  in  the  last  30  years. 

Air  transportation  has  been  the  lifeline  to  national  economic  growth.  It  will 
have  the  same  dramatic  impact  on  the  future  economic  growth  of  our  ui'ban 
areas.  The  difference  is  that  the  distances  involved  in  the  urban  community 
are  typically  20  times  shorter.  As  such,  the  air  vehicle  involved  will  be  dif¬ 
ferent  but  the  Job  will  be  the  same. 

The  urban  transportation  problem  has  resulted  in  great  emphasis  being  placed 
on  the  development  and  modernisation  of  mass  transit  for  improved  mobility 
in  the  growing  urban  areas.  This  etfort  is  properly  looked  upon  as  an  impor¬ 
tant  solution  to  moving  a  large  number  ctf  people  in  the  shortest  period  of  time. 
However,  there  is  an  inclination  of  many  planners  to  look  upon  surface  rapid 
transit  as  a  panacea  for  resolving  the  entire  needs  of  the  urban  communities 
to  the  exclusion  of  alternate  transportation  modes,  such  as  air  transport  for 
special  transport  requirements.  This  position  is  unsound  and  needs  to  be 
changed  for  several  reasons.  First,  it  can  be  shown  that  the  urban  popula¬ 
tion  and  employment  growth  has  been  occurring  at  a  more  rapid  rate  in  the 
metropolitan  rings  than  in  the  central  cities  now  serviced  by  rapid  transit 
systems.  Second,  this  decentralization  of  urban  areas  increases  the  cost  oi 
the  surface  transportation  systems  because  of  the  exponential  growth  in  area 
or  increased  line  haul  miles  and  the  increased  equipment  needs  to  provide  the 
service.  Third,  the  economic  requirements  of  urban  decentralisation  can  be 
correlated  with  national  economic  growth  that  was  accompanied  by  the  growth 
of  air  transportation  and  stems  from  the  importance  of  time  saving  as  travel 
distances  increase.  Fourth,  the  helicopter  transport  is  a  practical  solution 
to  meeting  urban  economic  development  requirements.  It  is  practical  in 
terms  of  cost,  speed,  noise,  safety,  convenience  and  land  requirements, 
being  at  a  development  and  operational  stage  similar  to  that  preceding  the 
large  scale  introduction  of  the  DC-3.  The  technology  is  now  ready  to  be  effec¬ 
tively  exploited  for  the  benefit  of  special  urban  transportation  requirements. 

These  reasons  dictate  the  need  for  the  development  of  a  helicopter  urban 
transport  in  conjunction  with  other  modes  of  transportation.  L*et  us  examine 
each  of  these  reasons  more  carefully. 
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URBAN  GROWTH 

A«  urb^  population  hat  grown,  it  hat  been  accompanied  by  a  greater  increase 
of  people  liWng  outeide  central  cities  than  in  central  cities,  as  shown  in  Fig* 
ure  1,  with  projections  to  1985. 

In  addition,  this  pattern  is  also  reflected  in  a  significantly  greater  rise  in  total 
employment  outside  of  central  cities  as  compared  to  the  central  cities.  Figure 
2.  These  patterns  reflect  a  clear  decentralisation  of  business  and  population 
around  metropolitan  areas  and  a  resultant  increase  in  distance  between  many 
companies  doing  business  with  each  other  in  these  areas.  In  this  decentrali¬ 
sation  picture,  it  is  also  found^  that  transit  usage  does  not  stem  the  tide  of 
decentralisation  of  population  and  employment  from  the  central  city.  In  fact, 
it  has  beenfound  that  central  cities  with  the  highest  transit  usage  consistently 
exhibit  the  smallest  increases  or  the  largest  declines  in  employment  and  popu¬ 
lation  in  both  their  central  cities  and  metropolitan  rings.  Yet,  in  this  decen¬ 
tralisation  movement,  nuissive  emphasis  is  being  put  on  rapid  transit  serv¬ 
icing  central  cities  to  the  exclusion  of  alternate  modes  of  transportation  that 
could  provide  rapid  service  between  business  enterprises  in  the  metropolitan 
rings. 


IM  fM  MM  ttif  IM 

VCAIt 

Figure  1.  Urban  Population  Growth* 


*Source:  A.  Cans,  "Emerging  Patterns  of  Urban  Growth  and  Travel,  "  MIT, 
Project  Transportation 

1  Meyer,  J.R.  .  Kain,  J.F.,  Wohl,  M.,  "The  Urban  Transportation  Problem,  " 
Harvard  University  Press,  Cambridge,  Mass. 
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SURFACE  TRANSPOlwATlON  NEEDS  - 

The  geometry  of  the  expending  metropollten  redine  reeulte  in  en  exponentiel 
growth  of  the  area  needing  traneportation  eervdce.  It  followethat  th&d  f  equlrea 
a  greater  Inveetment  In  righte-of-way  for  all  aorface  modee  and  an  Increaae 
in  mileage,  facilities,  and  equipment  to  provide  the  needed  earvice.  With  this 
expansion  of  distance,  the  need  for  time-saving  transporUtion  modfg  becomes 
4  gr44t4r  economic  neceeeiCye 

TRANSPORTATION  AND  ECONOMIC  GROWTH 

The  need  and  development  of  time  saving  transportation  modes,  was  at  the 
forefront  of  U.S.  economic  development.  This  need  was  manifested  in  the 
exponential  growth  in  U.S.  commercial  air  transportation  after  World  War  U 
as  shown  in  Figure  3.  Accompanying  this  growth  was  an  exponential  growth 
in  domestic  trade  as  reflected  by  the  revenue  for  various  modes  of  domestic 
property  shipments  shown  in  Figure  4.  This  growth  in  trade  correlates  with 
the  growth  in  air  travel  because  the  entrepreneurs  developing  new  business 
made  up  approximately  two- thirds  of  the  total  travel,  increasing  exponentially 
(per  Figure  5),  with  Increased  trade.  • 


Figure  3.  Domestic  Air  Travel*  Figure  4,  Domestic  Shipping  Revenue 
*  From  Motor  Carrier,  Air 

and  Rail  Transportation** 


YIAM 

Figure  5.  Business  Air  Travel*** 


*Source:  "Handbook  of  Airline  Sta¬ 
tistics"  and  "Air  Carrier 
Traffice  Statistics, " 
Published  by  CAB. 

**Source:  ”1969  Business  Statistics" 
and  "Survey  of  Current 
Business,"  U.S.  Depart¬ 
ment  of  Commerce. 

•**Source:  "1963  and  1967  Census  of 
Transportation. " 

U.  S.  Department  of 
Commerce. 
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To  faciUteto  this  gro\.  .o  in  sir  transporlstion  sad  ecou.mic  dsvelopment,  the 
sir  transport  industry  devsloped  the  transports  with  continually  increasing 
capability  and  reduced  coat.  This  made  available  the  capacity,  as  shown  in 
Figure  6,  and  the  cost  saving  to  stimulate  the  growth  of  air  transportation. 
Of  course,  thesefactors  ware  also  accompanied  by  increased  service  to  more 
cities  and  airports  in  all  kinds  of  weather,  plus  greater  safety,  comfort  and 
convenience,  which  la  the  history  of  U.S.  transport  aviation  development. 
However,  it  must  be  remembered  that  this  evolution  startedwith  the  imagina¬ 
tion  and  vision  of  many  great  aviation  pioneers  in  industry,  airlines  and  gov¬ 
ernment.  They  recognised  the  potential  of  an  unproven  system  to  effect  the 


VeAM 


Figure  6.  Growth  in  Fixed  Wing  Aircraft  Sise* 


*Sourca:  Jane's,  "All  the  World' s  Aircraft." 


kind  of  time  savings  at  a  premium  price  that  eventually  became  a  stimulus 
for  U.S.  economic  development  tying  the  nation  closer  together  and  stimu¬ 
lating  the  expansion  of  foreign  trade.  This  same  phenomenon  applies  to  the 
growing  urban  areas  to  assure  economic  development  within  specific  areas 
and  between  areas.  There  is  a  need  for  air  transportation  to  assure  economic 
viability  and  growth. 

URBAN  HELICOPTER  TRANSPORTATION 

In  the  1980  period,  we  are  faced  with  the  following :  increased  congestion  from 
a  growing  number  of  automobiles:  the  prospect  of  paying  premium  cost  for 
rights-of-way;  and  more  equipment  for  new  rapid  transit  systems  to  service 
the  metropolitan  rings  and.  in  many  urban  communities,  to  service  the  central 
city.  The  decentralisation  of  the  city  amplifies  all  of  these  problems  as  the 
radius  increases  and  the  area  goes  up  exponentially.  In  this  period  of  increas¬ 
ing  distances  between  urban  industrial  enterprises  doing  business  together  and 
between  enterprises  andconunercial  airports  servicing  visiting  businessmen, 
there  is  a  growing  need  for  a  new  transportation  system:  one  that  is  not  im¬ 
peded  by  surface  congestion,  requires  a  relatively  small  investment,  uses  a 
minimum  of  premium  land,  and  offers  the  potential  of  speed,  low  cost,  low 
noise,  safety,  convenience  and  comfort  to  an  important  segment  of  the  travel¬ 
ing  public. 
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Th«  way  Co  achiovetlu  ^bjoctivo  Isby  iAtrodocing  a  ha.^opter  that  U  tmallor 
than  uaad  to  date  becaoee  of  the  ability  to  maater  the  problemff  and  make  it 
economical  at  this  time.  The  concept  proposed  ie  a  light  twin  engine  helicop* 
ter  with  a  10-paeaenger  capacity,  equipped  for  IFR,  incorporating  quieting 
features  capable  of  reducing  noise  by  90  percent  from  that  of  more  conven- 
^  tional  designs  and  providing  a  structural  integrity  and  safety  exceeding  any 

commercial  design  overbuilt.  This  helicopter  would  provide:  average  speeds 
from  origin  to  destination  that  are  three  or  more  times  faster  that  of 
surface  modes,  an  operating  cost  equal  to  that  of  a  taxicab,  great  flexibility 
1  in  route  structure,  a  utility  valued  that  now  is  twice  ar  great  as  that  of  a  taxi^ 

cab  and  could  exceed  that  of  a  private  autodaobile  as  the  helicopter  system 
was  developed  to  provide  lower  helicopter  maintenance  and  more  helistop«. 

In  support  of  this  solution  for  intracity  transportation,  a  few  facts  will  be 
examined.  If  the  helicopter  today  is  compared  to  the  fixed  wing  aircraft  in 
siae.  Figure  7,  the  helicopter  is  at  a  point  today  that  fixed  wing  air  transpor* 
tation  was  at  about  the  time  the  DC- 3  was  making  its  impact  on  air  transpor¬ 
tation  growth,  approximately  30  years  after  both  their  inception. 


Figure  7.  Transport  Aircraft  Siae  Comparison* 
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Figure  8.  Transport  Aircraft  Utilisation** 
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*Source:  Jane/s,  “All  the  World's  Aircraft.** 
**Source:  “Handbook  of  Airline  Statisitcs,  “  CAB. 
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UtUity  Value  « 


Passenger  Volume  x  Average  Speed 
Total  Cost 
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However,  «  comparUwa  of  helicopter  and  fixed  wing  uv^xiaation.  Figure  8,  in¬ 
dicate!  that  the  helicopter  hae fallen  behind  by  approximately  ten  year*.  Thia 
ie  due  to  the  lack  of  community  acceptance  reaulting  from  helicopter  noUe, 
reliability  deficiencies,  highcostandproximity  of  operations  to  residential  and 
business  establishments.  In  more  recent  times  this  problem  has  worsened 
as  evidenced  by  the  decline  in  helicopter  airline  operations  shown  in  Figure  9. 
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Figure  9.  Helicopter  Transport  Utilisation* 


^Source:  "Handbook  of  Airline  Statistics,  CAB. 


Therefore,  what  is  needed  is  a  helicopter  of  the  type  previously  described  for 
intracity  operation  that  satisfies  the  low  noise  and  high  reliability  criteria 
that  would  encourage  user  and  community  acceptance. 


Looking  to  the  future,  it  is  clearly  feasible  for  industry  to  provide  a  10- pas¬ 
senger  helicopter  operating  in  a  coRunuter  mode  between,  say,  two  high  traffic 
density  points  with  ahigh  enough  load  factor  on  a  10-minute  departure  schedule 
to  experience  a  low  cost  operation.  As  in  the  early  days  of  fixed  wing  trans¬ 
ports.  some  small  subsidy  might  be  required  at  the  outset  but  it  is  expected 
to  operate  without  subsidy  and  at  a  profit  as  the  system,  equipment,  and  facil¬ 
ities  evolve.  Figure  10  depicts  the  projected  cost  through  the  year  2000.  Com¬ 
pared  to  other  modes  of  transportation,  the  cost  can  be  expected  to'be  compe¬ 
titive  in  the  next  30  years,  but  the  average  speed  of  the  helicopter  will  far 
exceed  that  of  the  surface  transport adding  greatly  to  its  utility  value  for 
business  and  economic  needs  in  the  megalopolitan  area. 


yEAm 

Figure  10.  Helicopter  Operating  Expense** 


**Source:  "Handbook  of  Airline  Statistics,  "  CAB. 


6 


The  tbeiie  ie  that  the  growth  of  the  helicopter  ia  consuaant  with  the  growth  of 
the  city.  Helicopter  utilisation  ia  dependent  on  having  a  machine  that  ia  accept* 
able  by  the  community  to  fly  over  their  houaea  and  into  coovenieotly  located 
heliports.  The  economic  and  buaineaa  need  already  exists  when  one  considers 
that  approximately  three  million  trips  under  50  miles  are  made  by  air,  and 
half  of  these  are  made  for  business  annually.  ^ 

I  I 

In  addition,  the  helicopter  transportation  system  will  require  approximately 
one*tenth  the  land  needed  for  STOL  aircraft  systems  and  l/3doih  the  land 
needed  for  rail  and  road  transportation  serving  a  30-mile  equivalent  route. 

Therefore,  we  find  that  a  helicopter  transportation  system  can  be  an  effective 
alternative  transportation  system  to  alleviate  the  traffic  congestion  in  urban 
areas  while  offering  all  of  the  other  benefits  cited,  most  important  of  which 
is  the  stimulus  for  sound  economic  development. 

In  view  of  these  facts,  we  believe  it  is  time  for  action  to  assure  balanced 
transportation  development.  The  Transportation  Department  has  assessed^ 
that  $670  billion  will  be  required  for  transportation  through  1990.  Of  this, 
$560  billion  will  be  required  for  highway  construction  and  $63  billion  for 
public  transit  needs.  Of  the  latter,  70  percent  would  be  for  ra|Lways.  It  is 
proposed  that  approximately  1  percent  of  the  public  transit  funds  or  approxi¬ 
mately  $500  million  be  used  to  develop  a  helicopter  transportation  system 
for  25  major  cities  over  the  next  20  )^ars.  The  money  would  be  disbursed  as 
follows:  $100  million  for  a  helicopter  development  program  that  could  be 
paid  back  from  royalties  on  helicopter  sales;  $250  million  for  ten  terminals 
to  begin  with  in  each  of  25  major  metropolitan  areas;  $50  million  for  air  traffic 
control  facilities;  and  $100  million  for  personnel  training,  administration, 
and  general  expenses. 

This  investment  will  support  the  next  major  economic  growth  in  the  United 
States  that  will  take  place  in  the  urban  areas  outside  of  the  central  cities,  and 
contribute  to  the  development  of  better  than  250,000  jobs  per  year  in  the  man¬ 
ufacturing,  trade,  and  selected  services  outside  the  25  central  cities.  These 
jobs  represent  an  increase  in  local  income  in  excess  of  $100  billion  over  a 
20- year  period  from  1980  to  2000.  This  income  will  have  a  multiplying  effect 
on  national  income  as  well. 

Thus,  an  investment  of  $500  million  helps  to  create  and  support  an  increase 
of  $100  billion  in  the  20- year  economic  base  of  the  urban  areas  outside  central 
cities  at  a  time  when  there  is  a  growing  resistance  to  extending  freeway  and 
railroad  rights-of-way  that  threatens  to  restrain  economic  growth. 


3  1967  Census  of  Transportation,  National  Travel  Survey,"  U.S.  Department 

of  Commerce.  ^  ' 

^"1972  National  Transportation  Report,"  Department  of  Trasiiportation, 
July  1972, 
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The  facte  preiented  here  warrant  an  immediate  effort  to  invest  money  in  the 
development  of  the  basic  helicopter  and  an  experimental  ope ri-tion  in  a  selected 
location.  This  will  permit  the  early  evaluation  of  the  system  to  establish  the 
costs  and  operating  requirements  for  national  implementation. 

The  necessity  for  a  helicopter  transportation  system  for  urban  application  is 
the  key  to  the  growth  of  employment  and  economic  viability  of  the  developing 
urban  communities.  A  helicopter  transportation  system  must  be  regarded  as 
a  necessary  supplement  to  rail  and  road  development. 
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HUGHES  flIRCRflFT  COHPBHY 


July  2,  1974 


Honorable  Frank  £«  Moss 
Chairman,  Committee  on  Aeronautical 
and  Space  Sciences 
United  States  Senate 
Washington,  D.  C.  20510 

Dear  Chairman  Moss: 

This  is  in  reply  to  your  letter  of  Jxme  18  to  Mr.  L.  A.  Hyland, 
our  General  Manager,  in  which  you  offered  us  the  opportunity 
to  submit  a  statement  in  connection  with  your  planned  hearings 
on  Advanced  Aeronautical  Concepts. 

Our  company  is  not  active  in  any  of  the  areas  of  engineering 
which  are  listed  for  your  agenda.  However,  we  are  collocated 
with  Hughes  Helicopters.  I  have  taken  the  liberty  of  passing 
your  statement  on  to  Mr.  T.  R.  Stuelpnagel,  Vice  President 
and  General  Manager  of  Hughes  Helicopters,  thinking  that  he 
may  be  able  to  submit  a  statement  which  may  be  of  interest  to 
you  on  one  of  these  subjects. 


Very  truly  yours. 


Director  of  Technology 
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BOitNG  COMMERCIAL  AIRPLANE  COMFWNY 


P.O.  Box  3707 

WMhington  96124 


A  DIvition  of  Th>  Booing  Comp»ov 

July  2S,  1974 
B-7210-1-167 


Senator  Frank  E.  Moss 

Coomlttee  on  Aeronautical  &  Space  Science 

Washington,  D.C.  20510 

Dear  Senator  Hoss: 

Thank  you  for  the  opportunity  to  present  written  testimony  for  your 
hearings  on  advanced  aeronautical  concepts.  This  letter  will  address 
three  of  the  five  general  areas  covered  by  the  hearings:  new  aircraft 
designs,  engines  and  fuels,  and  safety.  The  coaments  apply  primarily 
to  coanerclal  aviation. 

Before  getting  to  specific  suggestions.  I  would  like  to  discuss  briefly 
the  philosophy  of  the  goaernment  Industry  relationship  In  mintalning 
a  healthy  aircraft  Industry.  This  country  has  been  highly  successful 
In  a  conaierclal  airplane  business  despite  competition  from  European 
countries  with  much  lower  labor  rates  than  ours.  The  two  principal 
reasons  for  our  ability  to  attain  high  world  market  penetration  have 
been;  a)  our  technological  base  together  with  the  ability  to  translate 
It  Into  high  volume,  efficient  production,  and  b)  the  ability  of  the 
U.S.  aircraft  Industry  to  tailor  airplanes  to  the  needs  of  airlines. 

The  technological  advantage  of  the  U.S.  aircraft  Industry  has  In  large 
part  been  a  fallout  of  past  military  aircraft  development.  In  recent 
years  military  research  has  declined  and  NASA  spending  has  been  pri¬ 
marily  on  space  exploration.  Meanwhile,  foreign  governments  have 
directly  subsidized  their  Industries  In  development  of  new  cotnnerclal 
airplane  programs.  The  most  recent  examples  are  the  A- 300  short- to- 
medlum  range  passenger  airplanes  and  the  Concorde.  Despite  this  trend, 
we  do  not  expect  the  government  of  the  United  States  to  spearhead  comner- 
clal  airplane  developments.  We  feel  that  more  flexibility  Is  available 
to  find  the  right  airplane  combination  for  the  airline  market  when  the 
exchange  on  requirements  can  take  place  directly  between  airline  and  the 
manufacturer  and  when  program  go-ahead  decisions  are  made  on  a  strictly 
comnerclal  economics  basis.  Profit  motive  Is  a  good  decision  criterion. 

He  feel  that  the  principal  role  of  the  government  should  be  In  pioneering 
high  risk  technological  research.  If  the  government  can  spearhead  the 
development  of  new  technology  then  private  Industry  should  be  able  to 
capitalize  upon  that  know-how  In  bringing  forth  new  airplane  development 
programs.  The  technology  needed  may  not  all  be  develop^  In  the  laboratory. 
In  the  past,  research  airplanes  such  as  the  X  series  of  airplaaes  after 
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World  War  11  have  proved  to  be  extreMly  valuable  and  are  reasonably 
economical  for  bringing  forth  and  trying  out  new  Ideas  In  aeronautical 
technology.  Some  research  can  be  best  carried  out  by  government  agencies 
In-house,  e.g,  development  of  new  airfoil  or  high  lift  technology. 

Other  govemamnt  sponsored  research  should  be  contracted  to  Industry, 
e.g.  airplane  configuration  studies  or  research  aircraft. 

In  the  following  paragraphs  some  general  coanents  will  be  made  In  the 
areas  of  new  aircraft  designs,  engines  and  fuels,  and  safety  and  examples 
of  worthwhile  research  projects  will  be  cited. 

NEW  AIRCRAFT  DESIGNS 

New  connerclal  airplanes  will  be  required  during  the  0O's  and  90's  In  one 
or  more  of  the  eateries  of  subsonic,  supersonic,  and  transonic  passenger 
airplanes,  STOL,  and  very  large  airfreighters. 

The  technology  necessary  to  support  medlimi  range  subsonic  aircraft  should 
emphasize  fuel  efficiency  as  well  as  environmental  factors.  These  aircraft 
make  the  most  takeoffs  and  landings  and  constne  the  majority  of  the  fuel 
used  In  aviation.  Research  eaqihasls  should  Include  terminal  area  techno¬ 
logy  (sircraft  and  ground  systems).  This  should  Include  technology  to 
Improve  the  aircraft  handling  capacity  of  airports  and  to  reduce  the  fuel 
that  Is  wasted  by  delays  In  takeoffs  and  landings.  Improvements  are  needed 
In  propulsion  systeas  for  conservation  of  both  fuel  and  the  environment. 
These  will  be  discussed  further  under  Propulsion  and  Fuels. 

There  Is  little  doubt  that  efficient  supersonic  flight  can  allow  a  quantum 
Jianp  In  long  range  connerclal  air  transport  productivity  and  usefulness. 
Research  Is  necessary  to  ensure  that  such  aircraft  are  not  only  economically 
attractive  but  that  environmental  questions  such  as  noise  can  be  addressed 
from  a  solid  technical  data  base.  The  military  Importance  of  efficient 
supersonic  flight  Is  also  self-evident.  Despite  current  shortcomings, 
the  Concorde  still  Is  a  continuing  source  of  advanced  technological  data 
and  forms  the  nucleus  around  which  a  first  class  technology  team  Is  being 
developed.  Inqiortant  fields  where  the  U.S.  could  develop  Its  own  super¬ 
sonic  technolow  Include  variable-cycle  engines,  structural  concepts,  and 
configuration  integration. 

STOL  aircraft  have  Important  military  applications.  In  the  connerclal 
field,  as  airline  traffic  grows,  new  terminals  will  be  required  eventually 
to  alleviate  congestion.  Economics  and  other  land  use  restrictions  will 
tend  to  limit  space  available  for  airports  and  the  development  of  STOL 
may  became  essential  for  the  orderly  development  of  a  good  total  transpor¬ 
tation  system.  Research  Is  required  prior  to  the  design  of  these  STOL 
aircraft  with  emphasis  In  the  following  areas:  Propulsive  lift  techniques 
to  allow  short  field  performance  with  mlnimun  sacrifice  of  flight  efficiency 
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guidance  and  control  to  ensure  safe  flight  at  very  low  flight  speeds 
near  the  ground;  noise  reduction  scheaies  to  ellalnate  the  adverse 
laipact  of  engine  and  airfraae  noise. 

Very  large  aircraft  will  provide  a  unique  neans  of  delivering  cargo 
over  long  distances  efficiently  and  quickly.  They  Piqy.have  laportant 
comnerclal  and  military  applications.  Technological  gliding  blocks  are 
needed  as  well  as  formation  of  engineering  teams  to  Integrate  the  designs. 
Key  technical  areas  Include  research  on:  very  thick  airfoils:  structural 
load  alleviation;  structural  materials  and  concepts  development  to  allow 
lightweight  large  structures;  Integrated  guidance  and  control;  and  active 
controls  to  Improve  airplane  efficiency.  Research  will  be  necessary  also 
In  the  area  of  manufacturing  techniques  to  insure  eventual  design  and 
construction  of  these  large  aircraft  at  low  cost.  Use  of  laminar  flow 
control  to  reduce  drag  and  Improve  energy  efficiency  should  also  be 
re-examined. 

PROPULSION  AND  FUELS 

As  mentioned  earlier,  development  of  Improved  propulsion  systems  Is  pro¬ 
bably  the  single  most  Important  advance  needed  to  cope  witii  the  fuel 
shortage  and  the  Increased  sensitivity  of  the  public  to  aircraft  noise 
and  pollution.  Continuing  research  towards  Improvements  In  these  areas 
1$  very  Important  to  the  future  of  commercial  aviation.  One  technology 
area  that  has  considerable  promise  Is  that  of  variable  geometry  In  engines. 
The  variable  geometry  may  come  about  from  variable  components  (e.g.  com¬ 
pressor  blade  pitch  changes)  or  from  valving  that  allows  changes  In  bypass 
ratio.  One  version  of  a  variable  bypass  engine  has  been  tested  at  Pratt  t 
Whitney  Aircraft  under  Air  Force  contract.  This  concept  could  allow  great 
Improvements  In  supersonic  aircraft  by  providing  high  bypass  ratio  to 
provide  low  noise  and  high  fuel  efficiency  In  the  vicinity  of  the  airport. 

allows  switching  to  a  low  bypass  ratio  for  maximum  fuel  economy  In 
the  supersonic  portion  of  the  flight. 

In  the  area  of  f\.cis,  there  Is  a  need  to  establish  the  characteristics 
of  a1rcraft-ti>pe  fuels  derived  from  coal  and  oil  shales.  If  these  charac- 
terestlcs  are  found  to  differ  significantly  from  current  ones,  there  should 
be  testing  of  these  fuels  In  various  types  of  aircraft' engines  with  the 
objective  of  finding  the  right  compromise  between  extraction  and  refining 
processes,  fuel  characteristics  acceptable  to  aviation,  and  economics. 
Fossil  fuels  face  eventual  exhaustion  and  long  term  studies  of  alternatives 
are  In  order.  Synthetic  hydrocarbons,  hydrogen,  and  nuclear  propulsion 
should  be  Investigated.  Synthetic  hydrocarbons  here  refers  to  hydrocarbon 
fuels  made  from  non-fossil  materials.  While  hydrogen  suffers  from  low 
energy  pet-  unit  of  volume  and  current  high  cost.  It  has  very  high  energy 
content  per  pound  and  would  be  compatible  with  airplanes  of  the  future. 
Including  hypersonic  airplanes.  Also,  In  the  longer  term, Improvements  In 
core  design  and  shielding  may  eventually  make  nuclear  propulsion  economical 
for  large  airplanes. 
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SAFETY 

CoMwrclal  air  travel  Is  currently  one  of  the  safest  modes  of  transpor¬ 
tation.  Fatalities  per  passenger  nlle  are  lower  than  those  for  auto¬ 
mobiles  by  a  factor  of  six.  However,  further  efforts  and  research  to 
Improve  aircraft  safety  are  considered  very  Important.  Hany  of  the 
Improvements  In  other  technologies  such  as  propulsion  and  structures 
and  flight  controls  will  reflect  themselves  In  improved  reliability 
and  safety.  Specific  areas  where  more  research  seems  to  be  needed  are: 
crew  factors,  weather  forecasting,  and  crashworthiness. 

Crew-factor  research  Is  desirable  to  find  ways  to  help  the  flight  crew 
perform  their  duties  through  Improved  human  engineering  or  better  train¬ 
ing  procedures.  Research  on  Improved  weather  forecasts  and  reporting 
should  cover  clear  air  turbulence  avoidance,  runway  visual  range,  and 
Improved  current  weather  reporting.  Research  to  Improve  airplane 
crashworthiness  should  Include  development  of  fire  resistant  materials 
and  research  on  Improved  structural  Integrity  of  airplanes  In  crashes. 

The  above  conaents  are  not  meant  to  be  all  inclusive  but  to  give  examples 
of  areas  where  Increased  research  could  be  sponsored  by  the  U.S.  government. 


Vary  truly  yours, 

H.  H.  Hithington/ 

Vice  President  •  Engineering 
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COM»UST>.^  DIVISION.  COMIUSriON  ENGINEERING.  INC 
WINDSOR.  CONN  OeOSS 
203-eeB-l91l  CABLE:  COMtENG 


EB  COMBUSTION  OlVISION 


July  1974 
PSF-74-1B5 

Mr.  ChATlM  F.  Loabard,  Minority  CoumoI 
CoMlttoo  on  Aoronnutlcal  and  Spaca  Selaneaa 
luaaall  Sanata  Offlca  Bulldlaci  loon  231 
ttaahlattoa,  D.C.  20510 


Daar  Mr.  lx)nbard: 

Sttbnlttad  haravlth  la  raaponaa  to  your  aucgaatloD  of  Juno  26,  1974,  la  a  atata- 
nant  by  Coaibuatlon  Baflnaarlng,  Inc*  ralatad  to  Ita  advanead  tranaportatlon  naada 
for  uaa  In  tha  nld*-July  haarlnta  on  Advanead  i^ronautleal  coneapta  by  tha  Sanata 
Aaronautlcal  and  Spaca  Sclancaa  Coanlttaa* 

Tha  atatanant  la,  of  nacaaalty,  brlaf  and  la  baaad  on  axiatlng  data.  ,  Work  now 
In  tha  plannlnf  ataga  la  Intandad  to  provida  a  broadar  daflnltlon  of  advanead 
corporate  tranaportatlon  naada. 

Ittcludad  baraln  alao  par  your  auggaatlon  la  a  brlaf  paraooal  biographical  akateb. 
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STATQCENT 
to  the 

Senate  Aeronautical  Air  Space  Sciences  Coasittee 
on 

Advanced  Airborne  Tranaportatioc  Needs 
by 

Coobuation  Engineering,  Incorporated 


Mr.  Chaiman,  I  appreciate  the  opportunity  to  present  the  views  of  Conbustion 
Engineering,  Inc.  on  its  future  transportation  needs  primarily  with  respect  to 
the  transport  of  Its  Nuclear  Steam  Supply  System  components.  Concern  with 
future  transportation  requirements  are  not  unique  to  Combustion  Engineering  in 
the  electric  power  industry  but  may  vary  in  degree  from  vendor  to  vendor.  In 
all  cases,  the  trends  are  similar.  It  should  be  noted  here  that  delivery  means 
using  existing  technology  do  exist  for  all  units  booked  or  proposed  to  date, 
however  C-E  recognises  that  there  can  be  strong  economic  Incentive  to  utillee 
alternate  means  baaed  on  new  technologies.  C-^E  is  not  averse  to  seriously  con¬ 
sidering  these  means. 

Nuclear  Steam  Supply  Systems  are  characterized  by  very  large,  heavy  consonants 
such  as  the  reactor  vessels  which  presently  weigh  over  400  tons  and  are  over  40 
feet  long  by  22  feet  in  diameter,  and  the  steam  generators  which  weight  up  to 
800  tons,  are  up  to  65  feet  long  and  21  feet  in  diameter.  Equipment  supplied 
by  other  vendors  to  complete  the  nuclear  power  plants  such  as  the  electric  power 
generator  rotor  and  stator,  is  of  a  similar  size  and  weight. 

Almost  «dChout  exception  In  the  past,  such  equipment  has  been  transported  from 
the  point  of  manufacture  to  the  point  of  installation  by  barge  to  plants  sited  near 
navigable  water.  However,  in  the  very  recent  past  there  has  been  a  significant 
trend  away  from  plant  sites  near  navigable  water  with  the  result  that  the  large 
components  must  be  transshipped  from  the  barge  at  the  nearest  port  and  then 
transported  over  land  by  expensive,  time-consuming  methods  to  the  remote  sites. 

The  trend  away  from  navigable  water  is  due  to  several  causes,  amongst  which  are 
the  rapidly  increasing  cost  of  suitable  water-edge  real  estate,  the  proliferation 
of  safety-related  regulations  such  as  population  exclusion  lavs  and  the  environ¬ 
mentalist  pressure  to  minimize  thermal  pollution  of  bodies  of  water  heretofore 
considered  suitable  as  heat  sinks  for  the  thermal  cycles  Involved. 

The  trend  is  made  possible,  not  without  significant  added  cost  and  penalties  to 
operating  effectiveness,  by  the  shift  to  closed-cycle  cooling  systems  charact¬ 
erized  by  cooling  towers  or  cooling  ponds. 

Indications  are  that  the  trend  to  siting  away  from  navigable  water  will  continue. 
Based  on  the  latest  AEC  projection  (Case  D)  and  assuming  reasonable  increases  in 
average  unit  sizes,  it  is  expected  that  over  700  nuclear  units  will  be  built  in 
the  period  from  1981  to  2000,  representing  nearly  1,000,000  megawatts  of  installed 
electrical  power  and  an  investment  by  the  utilities  of  about  500  billion  dollars. 

An  appreciable  percentage  of  these  plants  will  be  located  where  the  need  to  trans¬ 
port  the  heavy  components  overland  will  be  imperative.  Since  anywhere  from  three 
to  ten  large  components  will  have  to  be  moved  per  plant  and  since  by  1990  up  to 
20  units  per  year  will  be  located  remotely  based  on  a  conservative  estimate, 
possibly  3  items  per  week  may  have  to  be  brought  to  their  destinations  by  over¬ 
land  transport  modes. 
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Overland  transport  of  these  components  by  existing  rail  or  highway  ^des  can 
present  problems,  the  foremost  of  which  is  associated  with  the  site  of  the 
component.  Rail  and  highway  route  clearances  are  sometimes  not  adequate  to 
accooBodate  these  large  loads  and  so  very  expensive  modifications  to  route-side 
and  overhead  structures  and  obstacles  may  have  to  be  made  or  else  detours  in¬ 
volving  in  many  cases  intermodal  transfers  may  have  to  be  made. 


Of  alternate  modes  investigated  to  obtain  relief  from  the  restrictions  of  ground- 
based  overland  modes,  the  most  likely  to  provide  a  good  solution  by  relaxing 
dimensional  limitations  on  the  land  may  be  an  airborne  mode  based  on  the  use  of 
lighter-than-alr  technology  in  pure  airships  «dklch  obtain  all  their  lift  from 
aerostatic  means  or  on  hybrid  airships  which  obtain  lift  from  both  Aerostatic 
and  aerodynamic  means.  To  be  most  effective  this  mode  will  not  require  extensive 
and  very  expensive  landing  facilities  in  remote  areas.  Large  payload  weight 
would  still  present  a  formidable  problem  and  in  this  respect  much  work  would  have 
to  be  done  to  develop  suitable  vehicles  and  to  reduce  component  weight. 

As  an  early  step  towards  the  use  of  airborne  sBans  to  deliver  tte  very  heavy 
nuclear  components,  serious  consideration  should  be  given  to  other  products  such 
as  tanks  Ad  ductwork  %rhich  though  very  large,  have  characteristic  weights  several 
times  sstaller  than  the  NSSS  components.  The  benefits  of  shop  fabrication  of  com¬ 
ponents  provides  a  strong  Incentive  for  Combustion  Engineering,  Inc.  to  investi¬ 
gate  alternate  and  more  flexible  shipping  means.  Ihis  would  avoid  the  need  to 
fabricate  at  the  site  large  aaseal>lies  from  parts  whose  size  1  dictated  by  the 
presently  available  transportation  *Sfindows''. 

In  the  furtherance  of  these  goals,  Co^ustion  Engineering,  Inc.  has  entered  into 
a  joint  effort  with  Grumsan  Aerospace  Corp.  to  investigate  the  feasibility  of 
Airborne  Heavy  Lift  Transportation  Systems,  nie  effort  should  provide  some  sub¬ 
stantial  answers  to  questions  relating  to  the  transport  of  electric  power  gener¬ 
ating  components  by  airborne  means.  C-E  and  GAC  both  recognize,  however,  that 
to  justify  the  large  development,  certification  and  deployment  cost  of  suitable 
vehicles  by  maximizing  their  utilization,  other  transport  needs  will  have  to  be 
filled  by  the  transport  system. 


The  national  and  perhaps  international  survey  for  such  needs  and  their  evaluation 
and  categorization  is  far  beyond  the  scope  of  our  present  joint  effort  and  our 
resources.  Such  a  "mission  definition"  effort  may  belong  under  the  aegis  of  a 
federal  agency  where  contacts  %rlth  competing  systems  and  hardware  v^dors  In  areas 
such  as  the  electric  power  Industry  to  determine  the  overall  industry  needs  will 
not  be  looked  at  askance  by  anti-trust  elements  and  where  the  resources  of  many 
federal  agencies  such  as  NASA,  IX)T,  the  Department  of  Conaerce,  the  Federal  Power 
Comission  and  the  Department  of  Agriculture  can  be  efficiently  marshalled. 


Finally,  the  planning  for  such  a  system,  once  the  needs  are  properly  defined, 
should  be  conducted  from  a  vantage  point  which  insures  the  efficient  maximization 
of  its  interface  effectiveness  with  other,  existing  transport  mpdes; 


Nuclear  Power  Systems 
Cood>u8tion  Engineering,  Inc. 
Windsor,  Connecticut  06095 


July  8,  1974 
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July  26.  1974 


StatMMit  of 
JolM  C.  BrlzonJino 
Prosident 

DOUGLAS  AIRCRAFT  COWAMY 
NcOONNaL  DOUGUIS  CORPORATION 
For  tho 

Sonoto  CoHrfttflO  on  Aeronoutlcol 
and  Space  Sciences 

HEM  IDEAS  FOR  COWCRCIAL  AIRCRAFT  OF  THE  1980s  AND  1990s 

It  Is  a  aajor  challenge  for  the  United  States  aircraft  aanufacturlng  Industry 
to  nalntaln  Its  co^Mtltlve  position  In  uorld  Markets  considering  the  energy 
probleai,  wide  spread  International  coastetltlon,  and  the  accelerating  pace  of 
research  and  developaant  abroad.  HMtIng  this  challenge  Is  node  nore  diffi¬ 
cult  by  the  declining  funds  available  In  the  United  States  to  support  aero¬ 
nautical  research  and  developwent.  The  Introduction  of  coanarclal  supersonic 
operations  by  the  Concorde  on  antjor  North  Atlantic  routes  will  shortly  high¬ 
light  the  extent  of  the  foreign  coepetltlve  threat. 

During  the  1980s  and  1990s  strong  and  aggressive  foreign  coapetitlon  Is 
anticipated  In  several  Inportant  areas  of  the  coawrclal  transport  uarket: 
the  second  generation  SST,  the  advanced  uedlua  range  transport,  and  the  very 
large  second  generation  wide-body  transport.  To  neet  these  challenges  the 
funds  available  In  the  United  States  for  aeronautical  research  and  develop- 
awnt  Hist  be  wisely  used. 
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Efforts  MSt  bs  eencMtintsd  In  thosn  rtSMrch  amns  mt  llkaly  to  providi 
tho  todmology  bast  aaotssaiy  for  tha  davalopaant  of  aircraft  that  irill  bo 
CM^tltlsa  In  tha  Morld  aarkats  of  tha  ISaOs  and  19Mt.  thosa  airplanes 
naod  to  bo  officiant,  aconealcal.  appaaling  to  thb  passangcr  and  bo  anvlron- 
Motally  accoptabla  to  society. 

Iha  Ootiglas  Aircraft  Coapaiqr  apprtclatos  tha  opportanlty  to  shara  irlth  tha 
CoHrittao  our  viows  on  tha  rolos  and  rolatlonships  of  U.S.  goyomaant  and 
Indastiy  In  aoronautlcal  rasoarch  and  davolopaant  In  tha  fact  of  tha  graving 
prtssuras  froa  govamaant  supportad  Intomatlonal  coosortliaa,  and  froa  tha 
dKlInIng  United  States  allltaiy  aaronaotlcal  rasoarch  and  doMlopaant  that 
Is  appllcabla  to  caawrclal  transports.  It  Is  a  difficult  task,  at  bast, 

f 

for  govarasant  to  ba  a  loadar  In  civil  aeronautical  davalopaant  bacausa  of 
our  froa  antarpiisa  systaa  and  tha  aany  daaandi  placed  upon  govamaant  by 
soclaty. 

lha  aaln  thrw;^  of  research  and  davalopaant  for  fotura  aircraft  can  be  broken 
Into  categories  of  long  haul,  short  haul,  and  the  advantages  that  can  accrue 
due  to  the  synergittic  values  of  technology  Integration.  Continued  aqihasit 
on  technology  lusearch  Is  required  In  propulsion,  aerodynaalcs.  avionics, 
stnicturas  and  controls,  with  special  attention  to  energy  conservation. 

The  foal  savings  asda  possible  by  the  use  of  li^rovod  operating  procedures 
for  coMsrclal  aircroft  will  have  been  achieved  noil  before  1980.  Iherofora, 
further  energy  savings  can  only  bo  obtained  through  advances  In  technology 
applied  to  new  aircraft.  Efficient  use  of  the  nation's  resources  will  dictate 
that  the  advanced  tochnologles  should  be  dlrectod  toward  reducing  fuel 
consHivtlon  par  seat-nlle  as  well  as  wlnlndzlng  operating  espanses. 
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In  rMpoMt  to  tlMM  goals  «id  roqoIrMMts  ttio  Douglas  Aircraft  Caapany  Is 
curraatty  angagad  la  tka  prallriaary  dasiga  of  a  aau  advancad  traasport  -  tka 
DC*X.  To  succassAilly  dasiga.  davalop  aad  aarfcat  tkis  airplaaa,  rtsaarck  la 
all  tka  aaronautleal  tacknologlas  Mst  ba  conductad.  Ntu  advaacas  tkkt  caa 
bo  appllad  to  botk  aau  aad  axlstlag  aircraft  skould  bo  aspoclally  lamtlgatad. 

Industry  supportad  rtsaarck  and  dasaloyant  In  civil  aaronautics  batMaan  ig68 
and  1972  has  dacllaad  43  parcant.  It  Is  astlaatad  that  1974  funding  will  ba 
rou^ly  aquivalant  to  1972.  Rasaarck  and  davalopwat  affort  by  aajor  fOrtlga 
co^wtltors  hat.  ulth  full  gouanMtnt  support,  significantly  Incraasad  In 
this  saat  tins  ptrlod. 

In  tka  aarly  1960s.  Unitad  Statas  allltaiy  talas  uara  rou^ly  four  tints  tka 
laval  of  fraa  uorld  coMixIal  airplana  talas:  today  tkay  art  about  aqual. 
Douglas  fbracasts  ladlcata  tka  civil  talas  aarfcats  ulll  ba  double  tka  allltaiy 
■arkats  In  tka  naar  futura.  It  Is.  tharafora,  aost  laportant  to  our  nation 
that  «t  striva  to  aalntaln  our  uorld  laadartkip  rola  In  civil  aeronautics. 

Tka  resulting  benefits  can  ba  neasured  In  tarns  of  es^loynent,  balance  of 
trade,  prestige,  national  securlly.  and  an  Innovative  technology  base  fraa 
Hkich  nau  products  and  Increased  productivity  ulH  accrue  to  the  nation’s 
Industry. 

In  the  area  of  long  haul  transportation,  the  public  uill  express  Its  Interest 
In  supersonic  travel  next  year,  1975,  uhen  the  Concorde  Initiates  service. 

NASA  sponsorship  of  research  and  developnent  for  both  a  near  tern  advanced 
supersonic  transport  coupetltor  and  a  longer  teru  aore  sophisticated  SST 
skould  ba  encouraged.  United  States  Industry  npy  have  lost  too  nuch  ground 
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to  Mtch  w  Imtrovtd  Concordt  Mitti  a  naar  tani  SST.  Govarmant  leadarship 
In  rasaarch  and  davalopaant  la  a  nacaaaary  Ingradlant  to  establish  tha 
tachnology  basa  froa  ahich  a  coa^atltlva  and  aconoalcally  viable  advanced 
supersonic  transport  prograa  can  be  launched. 

In  the  area  of  short  haul  transportation,  an  liportant  prograa  Is  nou  underuay 
at  Douglas:  the  AHST  (VC*1S).  It  Is  progressing  ahaad  of  schedule  and  trill 
fly  In  the  fall  of  1975.  He  are  pleased  that  MSA  Is  pursuing  a  flight  test 
progran  In  cooperation  with  us  so  our  nation  can  realize  the  naxlain  benefits, 
both  coaBsrclally  and  nllltarlly  fro*  this  exciting  devalopnent  activity- 

A  MSA  funded  systan  study  of  nedluei  density  air  transportation  being 
conducted  by  Douglas  will  assist  In  deteiarining  the  technology  areas  and 
■anufacturing  techniques  that  should  be  e^rhaslzad  If  a  coMerclally  viable 
airplane  that  will  provide  efficient  service  to  snail  cities  Is  to  be  developed. 

Specific  areas  of  necessary  research  and  developannt  In  the  aeronautical 
technology  areas  are  discussed  In  the  proceeding  sections. 

PltOPULSIOH 

The  present  efforts  to  reduce  specific  fuel  consueptlon,  to  Increase  bypass 
ratios,  and  to  reduce  engine  noise  oust  be  continued.  Recent  studies, 
however,  have  Identified  additional  areas  of  necessary  propulsion  technology 
refinenant. 

Past  propulsion  systen  weight  reductions  achieved  by  technology  advancenents 
have  reduced  the  basic  engine  weight  txit  not  the  weight  of  the  nacelle  that 
encloses  the  engine.  In  fact  the  weight  of  the  conplete  nacelle  has  Increased 
due  to  the  need  to  Include  sound  absorbing  waterials  for  reducing  aircraft 
propulsion  noise.  This  undesirable  trend  can  be  reversed  by  the  use  of 
conposite  awterlals  In  the  nacelles. 
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An  advMcnd  angina  eonoagt  alilch  shoas  contldarabla  proalia  It  ttw  yarlabla 
pitch  fan  angina.  Additlanal  rataarch  and  danalopMat  It  nacattaiy  to 
■axiniza  cnilsa  thrwt  to  anabla  ralatlvaly  high  tpaad  night.  Aircraft 
propulsion  systaos  Incorporating  tha  yarlabla  pitch  fan  concapt  will  hara 
Inter  fUal  consuihtlon,  ha  coatldarahly  quiatar  than  ayan  tha  quiatast  turbo 
fan  angliias  and  allalnata  tha  naad  fbr  separata  thrust  rayersars  which  haya 
baan  costly  and  troublasoaia  Itaos. 

Racent  adyances  have  allowed  tha  autonatlon  of  angina  throttle.  This 
capablll^  In  oonjinctlon  with  night  proflla  control  can  optloiza  anargy 
oanagesMt.  Tha  utilization  of  this  capability  to  reduce  fuel  consunptlon 
warrants  the  allocation  of  research  and  dayalopnant  effort. 

Theoretical  studies  dealing  with  the  feasibility  of  using  alternate  energy 
sources  for  aircraft  should  be  started.  This  work  will  prorida  tha  basis 
fbr  yalid  technical  decisions  If  It  becones  necessary  toward  the  end  of  the 
century  for  aircraft  to  use  alternate  energy  sources  such  as  liquid  hydrogen, 
nr  liquid  nethane. 

AEROOThAMCS 

To  support  the  design  of  aircraft  that  will  be  co^wtltlye  In  the  world 
■artets  during  the  1980-1990  tine  period,  both  analytical  and  experlnental 
aerodynawte  prograes  are  needed. 

Adyanced  airfbll  research  needs  to  be  continued  with  eaphasls  on  weight 
reduction  rather  than  Increased  speed;  thicker  airfoils  with  li^rored 
■axlaus  lift  coefficients  need  to  be  studied. 
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Tht  tM  largest  rsigaaints  of  drag,  skla  frictloo  and  Indocod  drag,  naod  to 
bt  ra-axaHliiad  to  datonriao  If  drag  raduetloas,  aot  previously  faulblo,  caa 
aoM  bo  adilcvod  daa  to  othar  advaaoad  tadiaeloglas.  A  good  oxMple  Is  tho 
we  of  the  supercritical  airfoils  davalopod  by  MSA  uhlch  caa  ulalalM  tho 
naod  for  wing  suoap  and  In  turn  uakas  laMaar  flou  control  easier. 

Another  case  Is  tho  wo  of  coaposlto  or  advanood  structural  toghniqws. 

Ihay  nay  nako  feasible  aon-planar  uing  systens  uhlch  reduce  Induced  drag. 
NoB*p1anar  wing  systaas  also  have  the  potential  far  reducing  wing  tip 
vortices.  If  sWstantlal  reductions  In  tho  strength  of  these  vortices  can 
be  achieved  the  spedng  of  aircraft  approaching  airports  can  bo  substantially 
reduced,  thw  Increasing  airport  capacity.  ‘j  • 

I 

Airport  capacity  at  the  alraaby  congested  najor  teiurinals  con  also  be 
Increased  by  the  we  of  advanced  technology  quiet  aircraft,  such  as  the  DC>10, 
which  provide  Increased  capacity  with  reduced  nuaber  of  flights. 

the  effbets  on  airplane  aerodynaarics  of  other  eawrglng  technologies  In  such 
fields  as  noise  reduction  and  we  of  advanced  conposite  aateiiaU  nwt  bo 
evaluated  and  prograan  Initiated  to  eoablne  the  technologies  so  naxlaaan 
advantage  will  be  teken  of  all  the  advances. 

Since  the  design  of  an  aircraft  Involves  nany  variables,  the  greatest 
contribution  that  can  be  nade  to  Indwtiy  Is  the  providing  of  basic 
analytical  and  experiawntal  aetodynaadc  data  which  systaa«t1ca11y  covars 
a  range  of  design  options. 

Avionics  I  I 

The  devolopnant  of  advanced  digital  avionic  system  and  of  Mitlfbnctlon 
displays  such  as  cathode  ray  tidres  will  perwit  najor  advancantnts  In  flight 
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■iMgMMit.  RoMtlM  control  of  tta  aircraft  flight  path  at  Mali  at  of  tha 
aircraft  tyttaw  can  ha  autaaatlc  froa  takaoff  through  landing  ro^l  out. 

Thit  adrancad  capability  mil  paralt  tha  flight  emu  to  function  nom 
afficlontly  In  thair  capacity  at  nanagart  duo  to  thair  mducad  uorkloadt 
but  mth  a  gmatar  aMaranatt  of  tha  actual  ttatut  of  tha  alrplana  and  Itt 
tubayttaai.  Tha  ommll  ratult  of  thata  advancat  mil  bo  Inematad  tafaty. 

STWCTMIES 

Advancad  ttructumi  coneaptt  can  Mka  ntjor  contiibutlont  to  aitum  that 
alrplanat  built  In  tha  Uhltad  Statat  during  tha  parlod  1980-1990  mil  bo 
conpotitluo  In  uorld  narkott,  officiant  utart  of  anargy  and  aconoalcally 
officiant.  It  It  pottibla  to  raduca  tha  conplnxlty  of  aircmft  ttnictuml 
tyttaat.  Today't  aircraft  coniittt  of  a  myriad  of  Individual  parti,  aich 
rivoting  and  a  largo  nuater  of  naehinad  co^ionantt.  Studlat  Indicate  that 
tha  nuaber  of  ttnictuml  coaponontt  can  ba  mducad  by  about  12  porcant,  mth 
a  moulting  ualght  reduction  of  about  8  porcant.  The  uta  of  a  nan  ttructural 
technology  concept,  ‘Itogrid  Panoli*,  davolopod  In  the  tpace  progran  can 
moult  In  a  radical  reduction  In  the  nuteier  of  futelage  parte  and  an  11 
percent  mductlon  In  futelage  Height. 

Another  Intemotlng  ttructumi  concept  It  the  utc  of  coepotlte  naterlalx  In 
portion!  of  futum  alrplanat  other  than  the  engine  nacellet.  Thit  ute  of 
conpotite  nateiiali  uat  ditcutted  In  mlatlon  to  propultlon  technology.  Thit 
concept  hat  been  ttudled  for  tevemi  yeart  mth  Incmating  encoumgenent. 
Although  theta  nateriali  am  nom  expantive  than  conventional  alumnun,  they 
am  nuch  lighter  and  the  mducad  airplane  Height  mducet  fuel  contuaptlon. 
Advanced  detign  ttudlet  alto  Indicate  that  opemting  cotte  can  be  mducad  by 
at  wch  at  IS  percent  through  the  ute  of  advanced  conpotite  nateiialt. 
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The  us*  of  both  Isogrid  structure  and  a^incad  coaposit*  aateHals  trill, 
hoMtwr,  require  considerable  research  and  deuelopnent  effort  to  establish 
the  confidence  necessary  fnr  their  application  to  coaMrclal  aircraft. 

COHTBOLS 

Advanced  control  technology  nay  yield  significant  liqnrovenents  In  aircraft 
perfonaanca,  loagar  life,  and  radaead  fuel  consuaptlon  a*  a  result  of  loaar 
skin  friction  and  trin  drags  and  will  l^trov*  passangar  coafort.  Full  tlaa 
reliance  on  autoMtlc  control  systeas  will  require  reliability  levels  at 
least  equal  to  present  systaas.  Sl^ilflcant  allestones  In  flight  control 
technology  wart  achfatrad  this  past  year.  The  successful  flight  testing 
by  NASA  of  two  pur*  f1y*lty-w1ra  systaas  lend  hop*  for  the  future  of  this 
advanced  concept.  Much  work,  howavor,  raaalns  to  be  don*. 

cowcuisiai 

Focusing  the  nation's  aeronautical  research  and  developaant  efforts  on  these 
proatlsing  areas  will  provide  a  technology  base  froa  which  aircraft  can  be 
developed  that  will  be  coapetitive  In  the  world  narkets  of  the  ISSOs  and 
1990s.  These  airplanes  will  be  efficient  users  of  energy  and  will  have 
even  better  econoalc  characteristics  than  present  aircraft  as  well  as  being 
envlronaantally  acceptable. 
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Fairclttid  Indusines  Germantown.  Maryii 


(301)  428-6000 


Wwnnw  «oA  Braun 

.  ic«  PraMant-EnfliAMrine  an«  OnWopmwx 


July  19,  1974 


Honorable  Frank  E.  Moss 
United  States  Senate 
Chairman,  Senate  Committee  on 
Aeronautical  &  Space  Sciences 
Washington,  0.  C.  20510  I 

Dear  Mr.  Chairman: 

In  response  to  your  letter  of  June  18,  1974, 
I  am  enclosing  a  statement  I  thought  would  be  of 
Interest  to  the  members  of  your  Connlttee. 

Thank  you  for  offering  me  this  opportunity 
to  present  my  views  on  a  subject  we  here  at 
Fairchild  feel  very  strongly  about. 


Sincerely, 


Wemher  von  Braun 


WvB.'bas 

Enclosure 
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SUBJECT;  Haarlngs  cm  Advanced  AarenauCtoal  Coocapt 


STATEMENT 

by 

FAIRCHILD  INDUSTRIES 

Ccmnarclal  air  transportation  In  the  United  States  faces  two  severe 
limitations  which  could  result  In  our  loss  of  world  leadership  In 
this  field.  The  first  limitation  la  concerned  with  performance. 

The  cancellatlcm  of  the  Supersonic  Transport  program  has  constrained 
our  future  transport  designs  to  operate  in  the  transonic  speed 
regime  (0.9  Mach).  The  second  limitation  Is  the  long  term  depletion 
of  fossil  fuels  since  present  propulsion  systems  are  totally  dependent 
on  petroleum  based  fuels.  I  believe  both  of  these  problems  can  be 
solved  by  leap  frogglng  Che  current  foreign  SST  progran  with  the 
development  of  Hypersonic  Transport  utilizing  liquid  hydrogen  fuel. 

During  Che  past  ten  years,  studies  were  conducted  on  the  technical/ 
economic  feasibility,  and  environmental  impact  of  hypersonic  trans* 
ports.  These  studies  were  conducted  by  Fairchild  and  others  for  NASA 
and  DOD,  and  showed  chat  the  following  hypersonic  transport  aircraft 
were  technically  and  economically  feasible: 
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1.  A  200  p«sa«ng«r  transport  having  a  ranga  of  5000  nautical 
mllas  cruising  at  an  altltuda  of  110,000  feet  at  Mach  6.0. 
Advanced  turbofan-ramjet  engines  utilising  a  liquid  hydrc^en 
fuel  were  defined  as  the  most  efficient  propulsion  system 

to  accelerate  to  and  cruise  at  Mach  6.0. 

2.  The  feasibility  of  a  more  efficient  320  passenger  transport 
configuration  having  a  range  of  10,000  nautical  miles 
cruising  at  an  altitude  of  140,000  feet  was  also  Investigated. 
The  propulsion  system  for  this  configuration  consisted  of 
turbo-ramjet  accelerator  engines  for  take-off  to  Mach  3.5 

and  an  annular  convertible  scramjet  burner  to  accelerate 

from  Mach  3.5  to  Mach  12  cruise.  Again,  liquid  hydrogen  fuel  la 

required  for  this  propulsion  system. 

The  advantages  beyond  that  of  higher  speed  performance  are  significant. 
The  sonic  boom  problem  Is  non-existent  since  cruise  at  110,000  feet 
altitude  results  in  acceptable  pressure  Increases  at  ground  level. 
Further,  the  use  of  liquid  hydrogen  fuel  eliminates  the  atmospheric 
pollution  caused  by  the  emission  of  unbumed  hydrocarbon  and  carbon 
monoxide  since  the  combustion  of  hydrogen  results  In  water  vapor. 
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Th«  devalopaant  of  a  production  Hyparsonlc  Transport  Is  possible  by 
the  late  1990'a  without  overtaxing  our  resource's,  and  should  becosie 
a  national  objective  like  the  Apollo  and  Space  Shuttle  programs. 
Research  la  retired  In  aerodynamics,  advanced  structural  materials, 
propulsion,  guidance  systems  and  ground  aupport  concepts.  The 
Hypersonic  Transport  program  deserves  your  support  and  consideration 
as  a  means  of  perpetuating  U.  S.  leadership  In  air  transportation. 
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OiNiuo.  Dynamics  Couosatioh 
nmUcMSiCMMr 
SLLcnk,Mi«i>irtaiW 

»«**»■  _ _  }l44Sl-aM0 

CMIn— mMttME— ih»OM»  Au0Ut  5,  1974 


The  Honarsblc  Prank  B.  Mona,  C3ialrman 
Committee  on  Aeronautical  A  Space  Sciences 
United  States  Senate 
Washington,  D.  C.  20S10 

Dear  Senator  Moss; 

This  Is  In  response  to  your  leaer  of  June  18,  1974,  in  which 
you  afford  us  the  opportunity  to  present  a  statement  on  Advanced  Aero¬ 
nautical  Concepts.  It  Is  my  understanding  that  your  hearings  will  cover 
new  aircraft  design,  new  engines  and  fuels,  ligtor-than-air  vehicles 
and  general  aviation  and  safety. 

While  all  of  these  areas  are  of  interest  to  the  General  Dynamics 
Corporation,  our  expertise,  within  the  concept  of  your  hearings,  is 
primarily  In  new  aircraft  design.  As  you  know.  General  Dynamics  has 
pioneered  in  the  field  of  advanced  aircraft  design,  having  produced  the 
first  supersonic  interceptor  (the  P-102),  the  first  supersonic  homber 
(the  B-S8)  and  the  highly  regarded  P-111  which,  with  its  variable-geometry 
wings  and  its  automatic  terrain  following  radar/flli^t  control,  has  proven 
to  have  a  unique  capability  as  a  deep  penetration  vehicle. 

More  recently.  General  Dynamics  was  one  of  the  two  aircraft 
companies  chosen  to  produce  a  new  and  advanced  lightweight  fighter.  We 
have  produced  two  of  these  aircraft  as  prototypes  and  both  of  them  are  now 
flying  at  Edwards  Air  Force  Base,  California,  for  testing  purposes.  I  am 
attaching  a  copy  of  a  paper  dealing  with  the  genesis  of  the  lightweight  fighter 
program  along  with  a  description  of  the  YF-16,  the  General  Dynamics  version 
of  this  aircraft.  We  have  detailed  many  of  tbe  innovative  and  unique  charac¬ 
teristics  of  this  new  and  Inexpensive  fighter  to  Illustrate  some  of  what  we 
feel  should  be  considered  in  the  coming  years. 

Particularly,  we  would  urge  the  committee  to  give  strong  con¬ 
sideration  to  advanced  composite  material  research  and  applications  as  a 
means  of  coping,  not  just  with  the  energy  crisis  to  which  you  referred  In 
your  news  statement  of  June  14,  hut  also  with  tbe  critical  materials  shortages 


246 


cbat  axe  already  becoming  apparent  thxougbout  the  aeroapace  Industry. 
General  Dynamics'  experience  with  these  materials  In  the  YP-16  and 
F-111  programs  Indicates  they  may  hold  great  promise  as  viable  light¬ 
weight  substitutes  for  existing  materials. 

Again,  1  appreciate  your  thoughtfulness  In  ottering  us  the 
opportunity  ot  sharing  our  experiences  with  your  committee. 
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THE  GENERAL  DYNAMICS  YP-16  FIGHTER 


Background 

During  Che  original  "P-X"  studies  that  eveiKuaUy  led  to  the  development 
of  the  F-15,  General  Dynamics  Investigated  the  concept  of  a  lightweight, 
very  highly  maneuverable,  day  fighter.  Although  this  concept  did  not  meet 
all  of  the  requirements  for  the  "P-X, "  and  was  not  proposed  as  such  by 
General  Dynamics,  it  did  arouse  support  within  Che  U.  S.  Air  Force  that 
led  to  funded  studies  In  1970.  This  concept  was  continuously  studied  and 
refined,  and  eventually  served  as  the  basis  for  the  General  Dynamics 
response  to  the  Lightweight  Fighter  Prototype  request  for  proposals. 

Configuration  Rationale 

To  obtain  the  best  fighter  performance,  total  Integration  of  the  aircraft 
design  Is  required.  Although  thrust-co-wetght  ratio,  wing  loading,  aspect 
ratio,  etc. ,  are  all  Important  parameters  in  defining  a  high  performance 
fighter,  they  are  only  useful  If  the  pilot  can  use  that  performance  to  maneuver 
without  fear  of  losing  control. 

To  realize  this  objective,  a  large  number  of  configuration  alternatives  were 
analyzed  and  tested  In  wind  tunnels  before  the  final  selection.  The  configuration 
selected  Is  a  design  utilizing  a  number  of  new  technological  advances  that 
provide  outstanding  fighter  performance  at  low  cost. 

Engine  Selection 

The  engine  cycle  was  a  significant  factor  In  defining  the  weight  on  the  YF-16. 

During  the  conceptual  phase,  two  engines  received  primary  consideration: 
a  single  Pratt  k  Whitney  F-lOO  with  a  bypass  ratio  of  0.72,  and  two  General 
Electric  YJ-lOls  with  bypass  ratios  of  0. 2.  Analysis  showed  that  to  accomplish 
the  design  mission  with  the  YJ-101  engines  would  require  an  aircraft  weighing 
4, 500  pounds  more  than  one  with  an  P-100  engine. 

An  additional  factor  favoring  the  selection  of  the  F-lOO  engine  was  Its  develop¬ 
ment  status  and  planned  usage.  Flight  experience  has  proven  to  he  the  single 
most  Important  factor  regarding  engine  reliability,  safety  and  durability.  By 
the  time  the  first  production  F-16s  would  be  flying,  the  F-lOO  will  have  over 
75,000  hours  In  the  P-15  and  would  benefit  from  F-15  experience  and  improve¬ 
ments. 
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latemwd  Advanced  Teclmolotv 

Throughout  the  hlutory  of  erUtioii,  adrsacee  la  teehaology  have  prin^rily 
been  used  to  deelgn  aircraft  to  go  taster,  higher,  tardier  aad  with  gtjeater 
payloade.  In  the  YP-16  design,  however,  a  new  technology  haa  heenladapted 
to  reduce  coat  without  degrading  basic  pertormaace.  then^  producing 
significantly  smaller,  lighter  and  almpler  aircraft  with  far  greateg  dgUlty 
and  combat  capaMIlty  than  present  daalgas. 

The  YP-16  Incorporates  a  number  of  advanced  technologies  comblasd  la  ao 
other  aircraft.  These  are  all  designed  to  produce  the  best  fighter  pilot/ 
fighter  aircraft  comblaatlon  poaalble. 

Ply-bv-Wlre 

After  prloneerlng  the  "adaptive  control  system"  In  the  P-111,  thin 
fully  electronic  control  system  represents  the  neat  logical  geaeradon 
for  providing  Ideal  flight  handling  characteristics  throughout  the 
flight  envelope.  Built-in  safeguards  permit  the  pilot  to  fij  up  to  the 
absolute  limits  of  the  aircraft's  capability  without  concerg.’  At  the 
same  time.  It  la  more  reliable,  survlvable  and  mjintaiMhto  et  a 
lower  cost. 

Relaaed  Static  Stshllltv 

Because  of  the  advanced  adaptive  characteristics  of  the  fly-by-wlre 
control  system,  the  designer  has  been  able  to  make  use  of  previously 
unusable  advantages  of  relaxed  static  stability  to  reduce  drag  and 
weight  and  to  improve  maneuvering  performance  while  maintaining 
Ideal  h«ndHng  characteristics. 

Blended  Body 

This  results  In  improved  llft-to-drag  ratios  at  higher  angles  of  attack 
while  at  the  same  time  Increasing  usable  Internal  volume  aad  de¬ 
creasing  weight. 

Porebody  Strakes 

These  result  In  greatly  Improved  directional  stability  at  high  angles 
of  attack.  In  addition,  whu  Integrated  with  the  blended  body,  they 
significantly  Increase  lift. 


AiaonuiHc  l■wlll^^g  B«toe  PUo 


The  leecllin  edge  flaps  aumnatlcaUy  move  to  the  optimum  deflection 
duxlng  aigbt,  greatly  improvlog  the  buflet-firae  maneuver  capability 
of  the  aircraft  aa  aa  improved  lift-to-drag  ratios  at  high  angles 
of  attack. 

High  "g"  Cockpit 

The  30-degtee  seat  back  angle  coupled  with  tbe  raised  heel  positloo 
results  la  a  1  to  2  "g"  increase  in  pilot  tolerance  level  and  overall 
comfott.  The  minimum  displacement,  force  sensing,  side  stick 
allows  more  precise  pilot  control,  partlculsrly  under  high  "g” 
condltlona.  The  full  bubble  canopy  design  provides  the  pilot  with 
exoaptlonal  visibility. 

Bottom  Located,  Fired  Geometry  inlet 

Careful  Integratlan  of  the  inlet  geometry  and  location  has  resulted 
in  a  highly  efficient  design  capable  of  2. 0  Mn  withoin  complex  and 
costly  moving  ramps  or  bypass  doors.  The  straightening  effect  on 
the  air  flow  caused  by  the  forward  fuselage  causes  an  increase  in 
inlet  efficiency  at  hi^ier  angles  of  attack. 

As  of  July  31,  1974,  tbe  No.  1  and  No.  2  prototypes  of  the  YF-16  had  completed 
141  fUgtats  and  had  confirmed  the  results  of  these  advanced  technologies  in  pro¬ 
viding  a  lighter  and  lower  cost  flgfater  compared  with  an  aircraft  of  the  same 
basic  performance  without  them. 
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STATEMENT  OF  J,  N.  KREBS 
GENERAL  ELECTRIC  COMPANY 

AIRCRAFT  ENGINE  GROUP  } 

To  tko  Senate  Committee  on  Aeronautieai  ti  Space  Sciences 

General  Electric  has  studied  the  presentations  made  by  NASA.  USAF.  USN, 
DOT  and  the  AIAA  at  the  July  16  and  18  hearings  of  the  Senate  Committee  on 
Aeronautical  and  Space  Sciences  and  appreciates  this  opportunity  to  sid>mlt  a 
brief  statetnent  about  new  technology  for  aircraft  engines  of  the  future. 

Figure  1  is  a  summary  listing  of  the  advanced  fechhology  which  we  believe 
has  the  highest  payoff  for  products  of  the  1980* s.  It  is  in  fairly  good  agreement 
with  much  of  the  Government  testimony  presented,  but  there  are  some 
additional  item#  listed  and  some  items,  mostly  related  to  products  of  the 

t  ' 

1990's  and  beyond,  were  eUmiaated.  Fidpoxe  lelso  shows  the  applicijbllity  of 
this  technology  and  the  funding  status  of  RhD  hardware  programs  -  mcluding 

'  I 

NASA.  USAF,  USN,  tX}T,  uid  OE  progruns.  Wh.r.  item,  arc  de.ignated 
a.  having  "rea.onabty  adequate  hardware  programa”  m  are  not  anggeeting 
that  additional  landing  ie  not  highly  deairable  •  but  rather  that  the  next 
priority  for  any  new  funds  are  the  items  listed  as  not  having  adequate 
hardware  programs. 

Figure  2  is  a  sximmary  and  brief  description  of  General  Electric's 
recommendations  for  four  new  NASA  experimental  programs  for  products 
of  the  1980's  which  need  to  be  started  soon*  The  concepts  have  been  generated 
and  hardware  RhD  is  now  essential  for  fur^er  progress.  The  first  program 
is  a  variable  cycle  engine  concept  demonstrator,  the  next  two  are  CTOL 
transport  demonstrator  programs,  and  the  fourth  is  a  subsonic  VTOL 
demonstrator. 
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GOODYEAR  AEROSPACE 

COAPOflATIOM 

AKHOM,  OHIO  ««»!• 

15  July  1974 


The  Honorable  Frank  E.  Mostt.  Chairman 
Committee  on  Aeronautical  &t  Space  Sciences 
U.S.  SENATE 
Washington.  O.C.  20510 

Dear  Senator  Moss: 

Thank  you  for  the  opportunity  to  submit  a  statement  to  your  Committee,  which 
is  holding  hearings  on  Advanced  Aeronautical  Concepts  during  the  month  of  July. 

As  the  country's  major  manufacturer  of  airships  for  almost  50  years.  Goodyear 
is  in  a  unique  position  to  provide  information  needed  in  formulating  plans  involving 
LTA  vehicles.  Besides  the  background  as  an  airship  supplier.  Goodyear  operates 
a  fleet  of  airships  for  advertising,  which  also  have  been  used  in  many  public 
service  activities.  Your  hearings  are  particularly  important  at  this  time.  In 
recent  months,  considerable  interest  has  been  shown  in  the  use  of  LTA  vehicles 
for  applications  and  operations  not  currently  possible  with  other  types  of  vehicles. 
The  U.S.  Navy  and  other  services  have  manifested  renewed  interest  in  the  unique 
capabilities  of  airships. 

Goodyear  has  received  inquiries  about  the  use  of  airships  in  several  innovative 
applications  such  as  transportation  of  farm  produce  and  over* sized  payloads  that 
cannot  be  conveyed  on  {»‘esent  highways  and  rail  systems.  Similar  applications 
brought  to  our  attention  involve  operations  in  areas  where  no  other  transport 
systems  can  operate,  such  as  in  the  remote  areas  of  Alaska  and  in  emerging 
nations  where  it  is  not  economically  practical  to  develop  and  maintain  highways 
or  conventional  aircraft  transport  facilities. 

We  believe  that  many  of  the  applications  being  considered  for  LTA  vehicles  are 
practical,  but  unfortunately  most  of  the  applications  taken  alone  do  not  justify 
the  investment  necessary  to  develop  the  rc^quired  vehicle.  It  is  of  interest,  how¬ 
ever,  and  important  to  note  that  the  type  of  vehicle  desired  for  all  applications 
is  basically  the  same.  Because  of  this  basic  similarity.  Goodyear  believes  that 
the  country's  military  and  civil  interests  would  be  beat  served  by  Government 
support  of  a  program  for  manufacture  and  operation  of  a  vehicle  that  could  be 
used  to  conduct  mission  evaluations  for  a  broad  spectrum  of  applications.  Also, 
such  a  flying  test  bed  vehicle  could  be  used  to  evaluate  the  application  of  Space 
Age  technologies  to  LTA  system  design.  It  could  be  implemented  at  a  relatively 
low  cost  and  would  have  the  advantage  of  providing  real  performance  information 
at  an  early  date. 

We  are  recommending  to  your  committee  the  implementation  of  such  a  program 
using  the  design  of  the  U.S.  Navy  ZPG"3W  airship,  which  was  the  largest  non- 
rigid  airship  ever  manufactured. 
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This  airship  could  operate  either  as  a  fully  buoyant  VTOL  vehicle  or  in  a  hybrid 
or  semibuoyant  mode  as  a  STOL  vehicle  using  aerodynamic  lift  for  increased 
payload  capability,  hi  the  hybrid  mode,  the  ZPC*3W  payload  capacity  would  be 
approximately  25  tons  with  an  endurance  capability  of  over  80  hours.  Top  speed 
of  the  original  ZPG'3W  was  75  knots. 

This  baseline  design  would  be  updated  to  incorporate  new  materials,  avionics, 
structures,  and  propulsion  technology  to  achieve  a  significant  improvement  in 
performance  for  today's  missions.  For  example,  it  could  cruise  at  100  knots. 

^  Also,  the  reconunended  vehicle  would  serve  as  a  highly  desirable  platform  to 

investigate  and  evaluate  sensor  payloads  for  military  or  civil  missions.  A 
typical  civil  mission  would  be  use  as  a  monitoring  system  for  environmental, 
agricultural,  and  energy  problems. 

•  This  approach  offers  a  solution  to  the  problem  of  avoiding  the  cost  of  implement* 

ing  a  new  dea^n  by  using  an  existing  des^^n  as  a  program  baseline  for  new 
developments . 

In  summary,  we  are  confident  that  the  field  oi  LTA  ia  an  untapped  resource 
now  within  our  nation,  particularly  when  we  view  the  additional  performance 
that  can  be  achieved  with  a  modern  airship  design.  We  would  like  to  thank  you 
again  for  the  opportunity  to  respond  to  your  request  for  a  statement,  and  we  look 
forward  to  an  increased  emphasis  on  the  investigation  of  this  type  of  air  transport 
system. 


Very  truly  yours, 

GOODYEAR  AEROSPACE  C0*i.P0RAT10N 


jk 
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ATTACHMENT  TO  COOOTEAR  AEROSPACE  LETTER. 
IS  Jolf  1974 


In  recant  montha,  Goodyear  Aerospace  Corporation  hat  received  nearly  a  hnndred 
imiairies  Irom  both  public  and  private  baainess  sectors  related  to  potential  modern 
airship  applications.  Sources  ot  interest  have  included  NASA,  military.  U.S. 
companies,  local  governments,  and  foreign  governments. 

This  renewed  interest  can  be  attributed  to  four  major  factors; 

1.  A  growing  awareness  of  the  ecological  and  energy  problems 
associated  with  curr.ut  transportation  systems. 

2.  The  realisation  that  the  operational  characteristics  and 
capabilities  of  airships  are  either  not  available  or  avail¬ 
able  only  to  a  limited  extent  in  other  transportation  sya- 
tama. 

3.  The  conviction  that  the  quantum  advancements  in  aera- 
space  and  aviation  systems  technology  can  place  modern 
alrsh^s  on  the  same  level  of  safety,  economy,  sad  per¬ 
formance  capability  as  alternate  transportatioa  systems. 

4.  The  identification  of  many  conventional  and  unique  soiesions 
that  modem  airship  vehicles  could  potentially  perform 
cost  effectively. 

In  coMrast  to  these  factors,  certain  limitations  and  purported  deficiencies  are 
often  defined  as  also  characteristic  of  airships.  These  broadly  can  be  grouped  as 
technical  limitations,  economic  uncertainties,  and  institutional  uncertainties. 

Each  of  the  four  sources  of  interest,  the  technical  limitations,  sad  economic  and 
institutional  uncertainties  are  briefly  discussed  as  well  as  one  possible  approach 
to  eHmiuaHng  Ae  major  stumbling  blocks  retarding  the  revival  of  modern  airship 
vehicles. 

ECOLOGICAL  AND  ENERGY  FACTORS 

The  recent  oil  embargo  and  the  resultiag  concern  over  the  energy  crisis  has 
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r»«uH»d  Ib  fB  lBCT*BS«d  awBTaaa**  «t  tte  dBpaadacy  at  mtx  aslatlBg  feraa  of 
trBBopoctBtiaB  oa  tho  oror  docroaolBg  aapply  of  potroloom.  CoauBaxciBl  aircraft. 
OBO  of  tho  moot  flovoraljr  affactod  traaopertatlOB  aMdos  dariag  tha  aaaibargo,  Jote 
prfarata  aotoBiobilaa  at  tha  haad  of  avarr  Uot  ia  taraia  of  faal  oaargy  coaoumad  par 
paooaafor  or  par  cargo  tea  aiila.  Sa  coatraot.  mad  era*  air  ah;^  rahiclao.  be 
caasa  ao  foal  is  aapoadad  ia  ovarcomiag  graattp.  oftar  aa  aztramalp  foal  afficiaat 
traasportattea  owda. 

A  oacoad  aroa  of  lacroaaod  public  coaeara  is  tba  acologieal  aad  oanriroamaatal  as- 
pacta  of  air  traasportatiaa.  Doaiaad  proJactiOBS  for  air  traasportattea  iadicata 
that  Biaajr  aibjor  airports  will  ba  coasMaraUr  oaarloadad  la  tba  aaar  faturs. 

Accaptabls  locatteaa  for  tha  eoastraettea  of  atejor  aow  airport  faclUttea  aad  ST01> 
port  faeilltiaa  praaaat  aa  iaeroasiaglp  dlSlcalt  aarlroaaiaBtal  aad  laad  nso  problam. 
Also,  tea  gronaf  lovol  aoiaa  oariraamaat  te  aroas  inunediatalp  a4|acaBt  to  airport 
faeilltias,  aa  well  aa  tha  air  assoc iatad  with  eoauaarcial  aircraft- gronad 

oparatteaa.  ara  atgaiftcaat  coaaidaratteBS  ia  tha  tefrodactioa  aad  oparattea  of 
fbtoro  air  traasportattea  apstaaia.  la  each  of  teosr  aas,  tho  eparatienal  charac¬ 
teristics  of  modara  airshipa,  such  as  vartlcal  takaoii,  low  power  raqalremaafs. 
oparatteaa!  flaalbllltp,  aad  safatp.  offer  potential  adraatagas  as  aa  alteraata  traas- 
portatioa  aaoda  for  cargo  aad  personaal. 

Tha  V/STOL  capabUitp,  poaaiblp  aagsMatad  bp  Tscterabla  propolaloa  for  im¬ 
proved  tew-speod  handling,  oUmiaataa  tha  aaad  for  largo  mawaps  characteristic 
of  commarcial  aircraft  oparatteaa.  Easaatiallp.  ahrsh^  roqoira  oalp  a  level 
clsarteg,  not  nacessarilp  paved,  with  a  radias  slightlp  larger  than  tea  vehicle's 
Is^te.  A  mast  at  the  center  of  the  cleariag  is  nsed  to  tether  tee  airship  whea 
it  is  on  the  ground  aad  loading  or  discharging  its  cargo.  In  maap  applicatioas,  a 
lending  would  oot  even  be  oecossarp  te  discharge  the  cargo. 

Tho  lower  power  requirement  results  from  tha  use  of  buopaat  lift  rather  than  aero- 
dpnamic  lift.  The  decreased  power  requiremaats',  ia  tura.  results  in  redneed 
opsratteaal  noise,  decreased  air  pollution  and  potentiallp  redneed  costs,  through 
reduced  fuel  consumption  per  unit  prodactivitp. 
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MODEKW  Aaanp  CAPAMuraa 

Altteugh  ti>«  oaiqaa  cap>bilitl«*  of  alrohlp  voUeloa  comparad  arltli  azlatiag  air¬ 
craft  ara  fairlt  wall  racbgaiaad.  thar  will  ba  briafl^  Mantlflad: 

1  •  Safaty,  reaultiaf  from  thair  relativaly  low  taka  off  and 
landing  apaada  and  the  fact  that  alrabipa  cmiaa  at  low 
altitodaa,  uaually  wall  balow  convantioiial  aircraft 
traffic. 

2.  Carry  bulky  and  baavy  payloada,  altbar  iatamal  in 
apaelally  daaignad,  contaiaariaad  cargo  baya>  or  ana- 
pendad  extamally  banaath  tha  hull. 

3 .  Virtually  all-waatbar  oparatioaal  capability,  aritb  ground 
handling  in  aavora  waatbar  farther  aidad  by  vactorabla 
tbruat. . 

4.  Exceptional,  endurance  capability  utvarallalad  by  any 
air  tranaportatina  vehicle.  Tbo  1.5  million  cubic  foot 
ZPC-3W  built  by  Goodyear  Aeroapaca  and  dalivarad  to 
the  U.S.  Navy  in  195S  bad  an  endaraace  of  84  boura 
(3-l/Z  daya)  at  a  cruiaa  apaad  of  30  knota,  on  a  fuel  load 
of  only  2500  gallona. 

5.  Operate  where  no  airporta  or  roada  exiat,  unhampered 
by  land-water  interfacea.  Hence,  airahipa  are  noore 
flexible  than  the  airplane  and  could  operate  at  a  cruiae 
apead  (100  mph  or  greater)  highly  competitive  with  aur- 
face  tranaportation  without  the  aurface  tranaportation 
limitationa  (roada,  tunnela,  and  underpaaaea,  land-water 
interfacea,  box  car  or  rail  car  aixe  constrainta,  etc.). 

6.  Hover  for  extended  perioda  of  time,  particularly  in  the 
hybrid  mode,  combining  atatic  and  buoyant  lift  with  pro- 
pulaive  lift  achieved  through  vectored  thruat. 

7 .  From  an  enviromnentaliat'a  point  of  view,  airahipa  offer 
one  of  the  moat  attractive  tranaportation  modea  available . 

Both  reduced  air  pollution  and  lower  noiae  levela  reault 
from  the  lower  power  requirementa. 
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8.  Finally,  from  an  anergy  consaTvattoo  poiof  of  vlaw,  air- 
ahipa  ofCar  an  axtramaly  fnal-afilclfBt  transportatian 
moda  in  tarma  of  cargo  ton  milas  or  paaaangar  aa^  milaa 
par  pound  of  fnal. 

APPLICATION  OF  CORRENT  TECHNOLCXIY  TO  AIRSHIPS 

Signiflcara  advancaa  in  atructuraa.  matoriala.  and  aaroapace  tachnology  hava  oc- 
currad  ainca  tha  laat  datallad  airaUp  daaign  effort  waa  conducted.  A  few  of  the 
davelopmanta  that  could  provide  the  hi^eat  payofi  to  alrahip  technology  include: 

1 .  Extanaive  knowledge  of  weather  patterna  via  Space  Age 
weather  forecaating  and  on-board  weather  radar. 

2.  More  reliable  propulaion  ayatema  with  improved  hiel 
eonaumption  and  power-to-weight  ratloa. 

3.  IQgher  atrength-to-weight  ratio  materiala:  fabrtca, 
metala,  and  compoaitaa. 

4.  Improved  permeability  plaatica  that  will  greatly  im- 
j^ove  helium  retentiaa. 

5.  Tramendoualy  improved  capability  for  the  analyala 
daaign  of  large  rigid  and  aemi-rigid  airahip  atmcturca 
reaulting  from  the  advent  of  modern  high-apeed  com- 
putera  apd  the  developmenta  of  large- acale  generaliabd 
atructural  dynamica  analyaia  programa  developed  f4r| 

Apollo  and  other  NASA  related  programs . 

6.  Better  insulation  and  high-temperature  material  capa¬ 
bility  to  capitalize  on  the  potential  performance  improve¬ 
ments  reaulting  from  super  heating  the  lifting  gas.  ' 

MODERN  AIRSHIP  MISSIONS 


Perhaps  the  moat  significant  factor  contributing  to  the  revived  interest  in  modem 
airahip  vehicles  is  the  identification  of  mtmy  rather  unique  missions  for  modern 
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•iraUpa.  Tba  miaaioaa  moat  fraqaantljr  diacaaaad  hovo  ariaaa  froao  a  comUaa- 
tiOB  of  tha  faetora  abova:  ocological  aad  aaargy  rwiaktorattona.  oaiqBa  airahip 
capabtUttaa.  aad  tba  promiaa  of  oaw  tacbaology.  Tbay  may  ba  looaaly  groopad 
lato  fbra  gaaaral  cbtaaaa:  commarcial.  pobUc  aaTvica,  apaca  ralatad,  AEC  ra- 
latad,  aad  military.  Soma  of  tba  moat  promiaiag  laiaaiooa  in  aacb  claaa  ara 
brially  daacribad  balota. 

COMMERCIAI.  MBSPNS 

Commarcial  applicatioaa  fall  broadly  iato  two  gronpa:  paaaaagor  miaaioaa  aad 
tba  Bioro  &aqaaatly  diacttaaad  cargo  miaaioaa. 

Siaea  tba  apaad  raaga  of  ntodara  airabipa  will  probably  ba  ia  tba  araa  of  100  aaati- 
cal  miloa  par  boor.  &a  atoat  promiaiag  paaaaagor  miaaioaa  ara  goaarally  abort- 
raaga  applicatiooa  aimilar  to  tboaa  parformad  by  balicoptara  aad  propoaad  fotiira 
V/STOL  aircraft,  inchiding  auppUmaata  to  nrbaa  rapid  traaait  ayataata. 

Cargo  laiaaioa  ^pHcatinaa  hava  racabrad  tba  amat  iaCaroat  of  all  awdara  airahip 
ailaaioaa.  Oreraisad  cargo  traaaportatiOB.  aacb  aa  mrlaar  roactora,  cooliag 
toarara,  factory  aaaaaiblad  bonaaa,  maaabra  plpaliaaa,  oil  aaploration  aqoipaiaat. 
aad  otbar  largo  iadiviaible  payloada  ara  aiaraly  a  faw  of  tba  more  promiaiag  appli* 
catiooa.  Modara  airabipa  coold  perform  thaae  miaaioaa  irraapectbra  of  coaatraiata 
applicable  to  aithar  aarfaca  traaaportatioa  or  cnrraat  air  traaaportatioe  modaa. 

Traaaportatioa  of  aabtral  gaa  la  a  gaaoooa  otata  ia  corraatly  baiag  iaraatigatad  aa 
aa  acoaomically  riabla  appUcatioa.  Aa  airabip  traaaportatioa  eyatem  of  tbia  type 
woold  poaaaaa  flexible  origia-deatfaiatioa  alteraatbrea. 

Traaaportatioa  of  (periabable)  balk  agricoltoral  cargo  ia  alao  gaioiag  wide  iatereat. 
The  airabip  offera  iacreaaed  apeed  over  aarfaca  traaaportatioa  modea,  flexible 
origia  deatioatioB  capability,  aad  batter  toa/aaile  coat  for  low-daaaity  cargo  com¬ 
pared  with  aircraft  traaaporte. 

PPBLIC  SERVICE  IflSSlONS 

Several  public  eervice  zoiaaloaa  are  corraatly  oader  iavaatigatiaa  at  Goodyear  or 
hare  beaa  ideatifiod  aa  poteatial  airab^  applicatiaaa.  A  Goodyear  otady  receatly 
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co«Bpl»t<4  for  Of  Tamp*.  Arlsona  Polle*  Dapartarat  claarlp  tdwaHtod  tha  capa¬ 
bility  of  a  poUca  aurvaiUaaca  aad  critaa  pravaotioa  airah^.aa  a  coat  aSactira 
altanativa  to  too  aoiay,  foal  coaaaniing.  aad  iati(aiag  halico^r. 

Aaothar  appUcatton  oadar  stady  at  Goodyaar,  aiaailar  ia  aaoa  araya  to  tha  police 
aovaaillaBco  miaaioa,  ia  aa  aaalaonaaaadal  aaivaillaaco  aad  awaltoriag  alrahip 
ayataaa  capable  of  parforaalag  a  aariaty  «f  adaatoaa  ia  tba  araaa  Of  air  pelbittwi, 
aratar  r"**"*‘'*"i  aoisa  polbitton.  aad  gaaaral  acolegical  aad  aarjypmantal  re* 
aaarcb. 

I  ' 

A  Qyiag  dlaastar  ralief  hoapital.  capable  of  iataraational  aarvice  foUceriag  aataral 
diaaatora.  ia  aa  additional  applicatioa  fraqaeatly  idaatifiad-  Moiara  airahipa 
could  daliror  baodreda  of  tibioaaaada  of  pooada  of  auppliea  aaveral  thnuaaaiia  of 
mllaa  aad  diatribate  the  cargo  over  a  large  area  without  dapeadtag  oa  ruaaraya 
or  airporta.  While  it  la  oalikaly  that  aa  airahip  would  be  developed  naiqnaly  for 
thia  pnrpoae,  if  the  ialtial  devalopaoeat  work  were  perforated  for  eooie  alteraate 
adaaioa.  applicatioa  to  a  flylag  diaaatar  relief  ahip  atight  be  a  reallatic  poaaibiUty. 

apart:  affLATED  MISSIONS  ^ 

The  Space  Traaaportatioa  Syataai  arill  be  oae  of  tha  aioct-aigaificaat  achieve- 

ateata  of  thia  ceatury.  Thia  ayatem  will  add  a  aaw  diateaaioa  of  coat  affective 
flexibility  to  apace  travel.  While  the  raquireateata  for  the  iaitial  ahuttia  fUght*taat 
prograai  called  for  a  capability  beyead  that  of  airahip  vehiclea.  i.  r..  the  capability 
to  air  laaach  the  aiaaalve,  150, 000  pooad  orbiter  vehicle,  airahipa  remaia  a  viable, 
coat  affective  traaaportatlao  ayatem  for  ferry  raquirameata  aad  aupport  of  the 
operational  ahuttla  ayatam. 

A  prolimiaary  ahuttle  traaaportatioa  ayatam  faaa  beea  defined  by  Goodyear  Aero- 
apace  Corporation  that  can  provide  (1)  orbiter  portal-to-portal  delivery,  <2)  aoUd- 
rocket  bov  >  -i  recovery  at  tea,  aad  (3)  dry  external  tank  and  aolid-rocket  booater 
tranaportation,  with  minimum  orbiter  dealgn  impact.  The  airahip  tranaportatioa 
ayatam  could  provide  orbiter  pickup  aad  delivery  'toroughout  the  axiating  airways 
ayatem  without  elaborate,  apecialixed  equipment  .  equired  to  aoount  the  orbiter 
"piggyback*  on  a  conventional  aircraft. 
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ABC  MISSIONS 

Parluip*  one  of  the  higheet  beneiit-to-coet  rntio  mieeiOBB  of  fnture  eirahip  vdiiclea 
is  s  dedicated  antonomoua  transportation  system  lor  nuclear  fuel  and  unclear  rraste 
material.  Industry  estimates  predict  1000  nnclnar  power  plants  in  oparatico  by 
the  year  2000,  a  SO'loU  increase  oner  dte  onao^r  operstioasi  in  1971.  The  in' 
creased  risk  of  in-transU  accident,  accidemal  auposnra.  or  subrarsive  divaraian 
of  radioactive  waste  or  lisaionaUe  material  will  probably  aucaad  &a  50  fold  in¬ 
crease  because  of  the  increaaed  traffic  in  the  transportation  infraatmctars. 

The  airship  transportation  system  would  operate  independently  of  any 
transportation  mode  or  terminal  facility.  Origin-destination  points  would  consist 
solely  of  nuclear  power  generating  plants,  nuclear  waste  proceasix^  and  disposal 
facilities,  and  nuclear  fuel  processing  plants,  each  containing  a  securs  area  for 
payload  transfer  operations.  The  benefits  of  anch  a  systam  result  from  a  redncsd 
risk  of  accident,  reduced  risk  of  radioactive  exposure  from  transportation  within 
the  existing  intermodal  network,  dnd  a  reduced  risk  of  aabotags  or  subversive 
acquisition  of  radioactive  or  fissionable  material. 

An  additional  synergistic  economic  benefit  may  result  from  application  of  tha  sanoe 
type  of  airship  to  the  construction  of  tha  power  plants  themselves.  Advances  in 
cooling  tower  technology  now  make  it  possible,  even  desirable  in  many  cases,  to 
locate  power  plants  away  from  major  lakes  and  rivers,  eliminating  the  utilisation 
of  barge  transportation  of  major  components.  The  cost  of  an  airship  cargo  sys¬ 
tem  capable  of  delivering  large  power  plant  components  from  the  factory  to  the 
plant  site  could  be  significantly  reduced  by  sharing  the  development  costs  with  the 
dedicated  ABC  transport  system.  Furthermore,  the  actual  construction  costs 
might  be  reduced,  leading  to  a  net  cost  savings  for  plant  construction,  including 
the  cost  of  the  airship  systems. 

MILITARY  MISSIONS 

Important  military  applications  result  from  two  of  the  airships  unique  capabilities. 
The  capability  to  deliver  large  quantities  of  men  and  supplies  to  remote  areas 
over  a  long  range  without  the  need  of  extcnsi  ;’roaad  support  provides  a  military 
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cargo  or  logiatica  capability  boyoad  that  of  araa  tbe  largeat  cargo  aircraft.  The 
oxtramaly  loag-anduraiice  capability  of  aireb^  vehiclaa  reaulta  in  a  platform 
oaiqualy  suitad  to  airborne  aurvoillanco  applicationa:  air,  aorface,  and  under¬ 
water. 

AltiiOttgb  tba  cargo  carrier  and  troop  tranaport  applicationa  are  ai^emely  viable 
miasiona,  airabip  eapabiUtlaa  and  cbaractariatlce  are  probably  beat  anited  to  tbe 
over-water  environment  of  naval  miaaiona.  Some  of  tbe  more  promiaing  Naval 
applicationa  incbade  anrveillaaca  of  airborne  and  aurfaca  targeta,  airborne  com¬ 
mand  control  and  communicatloaa.  mine  coantermeaaurea,  and  ASW  applicationa. 

A  aurface  aurveiUance  platform  having  &e  maaaive  aixe  and  volume  of  modern 
airabip  bulla  ia  a  aignificant  advantage.  Conventional  or  phaaed-array  radar  aya- 
tama  of  unprecedented  performance  capability  could  maintain  aurveiUance  over 
an  extremely  large  ocean  area.  Other  aenaor  ayatema  aucb  aa  infrared  and  over- 
tba-boriaon  radar  could  alao  be  employed.  Tbe  ap^lcation  of  airahipa  aa  an  air 
aurveillanee  platform  ia  aimilar  in  many  reapecta  to  tbe  aurface -aurveiUance 
miaaion,  capitaliaing  on  the  capabUity  to  en^oy  high-performance  radar  aya- 
tama  to  detect  and  claaaify  airborne  vehiclea.  (Tbe  laat  aquadron  of  Navy  air- 
abipa,  the  ZPG-3W  built  by  Goodyear  Aeroapnce,  waa  deaigned  to  perform  the 
air  aurveiUance  miaaion. )  Modem  airabip  air -aurveiUance  miaaiona  would  in¬ 
clude  not  only  aircraft  but  alao  cruiae  miaaile  and  aubmarine-launcbed  baUiatic 
miaaile  appUcationa.  Incorporation  of  air-to-air  miaaUe  capability  on-board  the 
airabip  would  provide  both  a  aelf-defenae  and  an  offenaive  attack  capabUity  againat 
each  type  of  airborne  target. 

Airahipa  are  extremely  weU  auited  to  aerve  aa  a  command,  control,  and  communi¬ 
cation  center  for  area  or  fleet  operationa.  Airabip  of  reaaonable  aize  could  house 
the  moat  aophiaticated  computera,  aoftware,  diaplay,  and  communicationa  equip¬ 
ment. 

Airahipa  could  alao  be  employed  aa  exceUent  mine  sweeping  vebiqles,  in  much 
tba  same  way  as  the  helicopters  auccesafiiUy  employed  in  operation  ’End  Sweep* 
in  North  Vietnam.  By  operating  in  air  rather  than  water,  tbe  airborne  mine 
sweeper  can  operate  at  reduced  risk  to  both  personnel  and  tbe  mine  sweeping  ve¬ 
hicle.  Airship  endurance  and  self-sufficient  operationa  capabUity  ofier  significant 
advantages  compared  with  the  helicopter  platform. 
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Aa  aa  ASW  ■yatam,  airahipa  cooli  ba  aaad  to  tow  astramolT  largo  apartaro  Uaaar 
aoaar  arraya.  Array  performaaca  woold  aot  bo  impairod  by  aolaa  aaaociated 
with  a  aorface  ahip  towiag.  Airahip  advaatagaa  oroold  farther  iaclada  rapid  de- 
ployoiant  aad  redoploymoat  floxlbiHty  ae  wall  aa  loag  aaduraace/oa-  atatioa  capa¬ 
bility. 

hi  aa  altarnata  ASW  application,  airah^  could  ba  uaad  to  emplaca  aad  monitor 
larga  fialda  of  aoaar  buoya.  Targat  claaaificatioa  could  ba  parformod  by  tho  air- 
chip  and  ASW  attack  forcoa  vactorad  agalaat  tho  throat  aubmarlaa.  On-board 
maiataaaaco  facilitiaa  would  allow  rapalr  of  damaged  buoya  racorarad  by  the  air¬ 
ahip. 

MODERN  AIRSHIP  PROBLEMS  AND  TECHNICAL  LIMITATIONS 

With  tho  many  promiaing  miaeiona  idontiflod  for  tnodom  aJrohipa,  it  ia  worth- 
whila  to  addreaa  tha  technical  Hmitatinna  aad  porportad  daficiaaciaa  oftaa  citad 
aa  limiting  airahip  appltfationa. 

In  dia  military  araa,  airahipa  appaar  to  ba  ideal  platforma,  particularly  for  Naral 
ASW  miaaiona.  Siaca  airahipa  aaraad  aa  encellant  ASW  vahiclaa  dnriag  WW  I  and 
WW  n,  tha  quaatloa  arlaaa  why  they  ware  phaaad  out  of  thaao  miaaiona. 

Tha  reaaona  moat  often  cited  inclada  (1)  inaufficlaat  apead,  (2)  increaaiagly 
aopbioticated  aubmarina  technology  ralathro  to  datactioa  aquipmaat  capability, 
and  (3)  aulnorabllity. 

Aa  aubmarina  performaaca  and  apead  improvad,  the  praaouriaad  airahipa  ware 
nnahla  to  maintain  tha  required  30-  to  40-kaot  ground  apead  nadar  aaaara  aaa- 
otata  coaditiona:  60-knot  head  ariada.  With  today'a  propulaioa  and  daaign  tech¬ 
nology,  improvad  praaouriaad.  aemi-rigid  or  rigid  airah^ia  could  aaally  provide 
tha  performance  capability  required  to  overtake  the  faateat  enemy  aubmarina  in 
virtually  any  weather  condition. 

Tha  aacond  factor  that  contributed  to  the  airohip'a  retirement  from  naval  oervice 
waa  unrelated  to  airahip  capability.  Submarina  technological  aad  operational  im* 
provementa  outatripped  detection  eqa^jnnant  capability,  partieolarly  tha  acnar  de- 
taction  range.  Sophiaticated  advaaeemanta  during  the  rncant  decade  have  reaulted 
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in  qoaatam  fanfcorainaat*  ia  ASV  dnfetloa  a^lpawat.  ASW  klrshipa  conU  aHH— 
tto  tm^ovad  dniiMiig  sonur,  tomd  arcay  ayatams,  larya  area  aonobaay  fiaUa. 
aaw  magaatie  anomaly  datactlon  gaar  and  in^orad  radar  agalpmaMt.  aa  wall  aa 
anpgortlBg  ayaMma.  Inr hiding  onboard  data  procooaiag,  raadoat  analynia,  locall- 
aation.  attack  and  data  link  ayotama  daral^ad  tor  tha  S-$  aircraft  and  and 

liAMPS  haUcoptar  ASW  voUclaa. 

Tha  final  Cactor  oflan  citod  in  tha  doaolaa  of  naval  alrohlpa  ia  tbalr  vnlnarabillty. 
Thla  topic  aoldom  falla  to  ariaa  whan  military  appUcaficaa  of  atrahipa  ara  dla* 
cnaaad.  In  fact,  recant  davolopmanta  in  Soviat  sariaca>to-air  miaaila  ayotama 
and  antiaircraft  artillary  ayotama  often  laada  to  donhta  aboot  the  aorrivabillty  of 
evon  onr  laaat  mlnarable  attack  aircraft,  For  airahipa,  howarar,  accaptaUa 
larala  of  anrvivabillty  can  ha  achieved  by  ea^loyiag  the  airahip  ia  miaaiona  and 
tactical  anvironmanta  compatible  with  their  naiqne  daaif  n  and  oparaficnal  charac- 
tariatlce. 

Snrvlvability  could  ba  improved  by  compartmentiaatton  of  the  llftiag  gaa  cello  in 
large  rigid  and  aaml-rigid  daaigna.  Damage  control  and  repair  are  feasible, 
ainca  the  atmetore  and  gas  cells  would  be  accessible  to  repair  crews.  More  aig> 
nificantly,  airships  could  ba  equipped  with  self-defense  systems,  early  warning 
and  fire  control  radar,  anti-air  and  anti-missile  missiles,  and  various  electronic 
coontarmeasurea  to  further  enhance  thair  survivability. 

In  the  nonmilitary  miaaion  area,  other  problems  often  cited  limiting  airship  appU- 
cationa  Inclode  ground  handling,  ballast  requirements  during  load  transfer,  con¬ 
trol  of  buoyancy  and  trim,  and  airship  response  to  severe  gusts  and  turbulence. 
Nona  of  these  areas  constitute  unaolvable  technical  problems  or  limitatioas 
utiHalng  existing  approaches.  However,  aUrship  performance  and  operational 
capability  could  certainly  be  ixuproved  by  dedicated  engineering  design  and  develop- 
mant  effort  utilising  Apollo- ara  technology. 

QrOmfit  »*«"«iH"g  of  the  latest  and  largest  Navy  airship,  the  Goodyear  ZPC-3W,  was 
considerably  Improved  by  die  use  of  motorised  "mechanical  moles.  *  Addition  of 
vectorable  thrust  capability  could  also  appreciably  improve  airship  low-speed 
control  characteristics  during  landing  and  ground  handling.  Vactored-thrust  capa¬ 
bility  was  annoyed  by  the  Goodyear  Akron  and  Macon  rigid  airships  in  the  early 
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30'a  aad  could  be  uiqpreciably  im|>rov«d  utUisiag  1974  tachnology.  Smull  amagaf 
acrodyauiaic  lUt  and  vcctorad  thrust  could  also  ba  utUlaad  for  control  of  buoyancy 
and  trim.  Water  racovary  from  feal  combaatios  ^odnets  have  baan  succassfully 
applied  for  reclaiming  ballaat  as  fuel  is  consumad  and  warrants  ferthsr  imraatiga- 
tion  for  modern  propulsion  syatams.  Initial  heating  o<  th#  lifting  gas  or  inter¬ 
mediate,  enroute  ballaat  recovery  are  also  promising  avennas  to  buoyancy  control. 

Problems  asaociated  with  airship  response  to  aavara  turbolance  can  be  minimised 
utilising  modern  weather  forecasting  and  navigation  and  avionics  to  avoid  severe 
turbulence.  However,  modem  rigid  and  semi*rigid  airsh^s  would  be  designed 
to  accept  elastic  deflections  of  the  vehicle  stractura  due  to  gnat  loadiuga.  hfodern 
computerized  structural  analysis  and  design  capabilities  would  result  in  airship 
designs  as  air  worthy  as  any  modem  aircraft. 

I.oad  transfer  of  massive  cargo  loads  is  an  area  that  can  benefit  by  actual  flight 
experience  and  research  and  development  efforts.  Cargo/ballast  load  transfer 
approaches  have  been  defined  utilizing  both  water  and  solid  ballast  containers  that 
simultaneously  transfer  the  cargo  to  the  ground  and  the  ballast  to  the  airship. 

Other  approaches  that  offer  promising  solutions  to  cargo  transfer  include  small 
reversible  bow  and  stern-mounted  ducted  propellers  and  internally  suspended 
cargo  transfer  platforms  free  to  rotate  independently  of  the  airship's  response  to 
ground  winds.  For  many  airship  applications,  cargo  transfer  actually  presents 
no  major  problem  not  previously  solved  in  airship  operations.  This  area  would 
require  appreciable  research  and  development  only  for  the  transfer  of  large 
(several  hundred  ton)  indivisible  loads  characteristic  of  some  modern  airship 
missions. 

Thus,  none  of  the  major  technical  problems  or  limitations  often  associated  with 
airship  applications  to  either  a  military  or  lionmilitary  missions  represent  prob¬ 
lems  that  have  not  been  adequately  solved  in  the  past  and  could  not  be  appreciably 
improved  upon  via  modern  technology.  While  modern  applications  might  require 
airships  of  unprecedented  size  -  20  million,  40  million,  perhaps  even  100  million 
cubic  feet  -  compared  with  the  6.S-million-cabic-foot  Goodyear-built  Akron  and 
Macon,  their  development  can  be  achieved  by  an  orderly  evolution  from  historical 
technology  and  experience. 
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Th*  wocatafnl  ■valutiaB  trill  beMdt  ■igalfteaatlr  tratn  tita  tacfanolafy  advaaea- 
m«ats  ot  tlM  laat  te*  daeadaa  aad  e«aU  b*  birthw;  imhajw  ad  by  a  raaaarch -mi** 
craft  apjpaoacb,  not  aacasaarilT  at  daU  aeala,  aiaaad  at  teraatifttioat  and  inn* 
proramaat  of  airahip  nperatiaaa  partieolarlp  inttta  ataaa  of  groaad  haadltag. 
cargo  traaalar.  and  advaaead  buojraaep  coatval  aad  ballaat  recoaary  ayataaia. 

ECONOMIC  tmCERTABtTT 

Tba  fundamental  problem  that  haa  deterred  the  revival  of  airahtp  utUiaatioa  ia 
ecanomie  uncertainty.  Reaeardt  aad  devaiopnaaat  coat  eaHmataa  for  large  rigid 
airahipa  have  ranged  from  aero  doUara  by-Alrltoat  Traaaport  Limited  of  England 
to  baU  a  bilUoa  doUara.  Coat  eatlmataa  at  preaauriaed  airahipa  aimilar  to  theae 
laat  amployed  by  tta  Navy  can  alao  be  mialaterprated.  Hiatovical  coat  data  gen¬ 
erally  ratlact  eztenaiva  engineering  aad  deadga  eftorta  to  meat  rigid  perfeamance 
apeeifieatlona  aad  achieva  aignifieant  tachnological  advancemanta  in  perform¬ 
ance  capability.  Sophlaticated  military  equipment,  and  airahip  deaign  character- 
iatica  for  ita  utUiaatioa,  reauUed  in  apecialized  deaign  featnrea  aad  coata. 

Theae  uncertaintiea  in  the  RkD  coata  aad  production  coata  for  uakaatvn  produc¬ 
tion  qoantitiea  directly  aftect  the  operating  coata  eatimatea  via  indirect  operating 
coat  chargea  to  amortiaation,  intereat  chargea,  iaaurance,  feea,  tazea,  etc. 
Uncertaintiea  in  the  ground  facUitiea  and  peraonnel  coata  aaaociated  with  per¬ 
formance  of  the  many  different  miaaion  applicatioaa  further  confuae  operating 
coat  eatimatea,  which  ultimately  determine  the  economic  viability  of  airahip  ap- 
plicatioaa. 

INSTITUTIONAL  UNCERTAINTIES  AND  CONSTRAINTS 

The  third  problem  area  that  wUl  affect  the  development  of  modern  airahip  trana- 
portation  ayatema  for  commercial  applicationa  may  be  defined  or  broadly  grouped 
under  the  heading  of  inatitutional  conatrainta.  Theae  inchade  government  regula- 
tiona,  atate  regulationa,  economic  regulationa,  aad  ao  on. 

The  Federal  Aviation  Act  of  1958  apecifically  requirea  the  aafety  regulation  of 
alrapace,  air  navigation  facilitiea,  aircraft,  aircraft  parta,  airmen,  carriera, 
and  certain  airporta.  HiatoricaUy,  aviation  aafety  policiea  have  been  iaaued  and 
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safety  rsgafetioas  issaad  ntsisr  thoss  ravairsmaBts  throng 
tbs  vagolatory  procsss.  Forfearmora,  acoaosBie  ragulatfea  corar  traasport 
of  mail,  parsoss.  aad  proparly.  Policy  foidBacs  fe  tba  Fadaral  ATlatioa  Act 
is  broad,  primarily  toarard  tba  daral^msBt  of  a  safe  aad  scoBoaoically 

sooBd  air  aatwork.  Twaaty-ofea  stafes  bars  profanlfatad  safaty  ragoUtioBS 
applicable  to  iatrastata  oparatioBS.  Tba  raaga  from  sim^  reglatratloat  aad  ia- 
Tsstigatioo  of  accidaots  to  elaborata  assorancas  of  compUaaca  wife  federal  raga- 
laticBS. 

Saaaa  of  fee  mi^or  qaaatiaas  wbicb  arias  ia  coaaidariag  coaunsrcial  applicatioas 
Inclada  -  How  will  air  abipa  be  certifiad  by  fee  FAA  7  How  will  tba  air  sbipa  ba 
tasted  aad  bow  long  will  it  taka  to  develop  commercial  opsratlca  aad  safaty  stand¬ 
ards  7  Who  will  oparate  modern  airsbip  vabiclas  7  Wbat  Istaraatiaaal  aad  National 
ragnlations  and  agreemcata  will  ^ply7  Questions  sncb  as  tbasa  most  be  coa- 
sidarad  in  tba  successfel  iatroductioa  of  modara  airship  traasportatioa  systems. 
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SQMMART 

Th«  raaawad  interast  la  auMUra  aisahip  TaUclaa  ia  basad  oa  aavaral  araU  looadad 
facts. 

1.  Alxahtpa  ara  aa  aaTircemaataUy  daairaUa  aad  aaargy ,  ’ 
alficiaat  altaraativa  to  aaistlag  ttaasportatioa  modas. 

2.  Airships  hava  distiact  advaatagaa  orar  aaistlag  traas- 
portatioa  modas  daa  to  thair  aaiqna  oporadoikal  capa- 
bUitias. 

3.  Appllcatioa  of  1974  tschaoiogy  caa  sipiificaatly  improaa 
tha  capabilitias  of  modarn  airships  comparad  with  vehi- 
clas  of  1  «  past. 

4.  Bacausa  of  the  three  facts  above,  many  promising  mis¬ 
sions  have  bean  idsntifiad. 

Factors  that  have  prohibited  tha  ravival  of  madam  airship  missions  are  of  dwae 
basic  typos:  tachnical  limltatiaas  or  tmeertaiatias,  iastimtiaBal  coastraiats,  aad 
aconomic  nacartaintias. 

Bi  Ilia  technical  area,  the  successful  revival  of  modem  airship  vehicles  can  be 
acUavod  by  aa  evolutionary  program  basad  oa  airship  technology  of  tha  past,  up¬ 
graded  to  roflact  the  tacfaaolegy  of  today.  With  the  possible  aaception  bf  transfer 
of  large  indivisible  cargos,  tachnical  proUems  do  not  aaist  that  have  not  been 
solved  in  the  past  and  could  be  significaatly  improved  upon  by  tha  applic^tiaa, 
tasting,  aad  proving  of  equipment  and  oparating  techniques  using  1974  tachaology. 

Tbs  ara  of  institutianal  constraints  doas  not  prasmt  any  insurmountnble  problems 
but  does  deserve  further  investigation.  Airship  certification  for  ccanmercial  appli¬ 
cations  could  be  aided  significaatly  by  tbs  availability  of  aa  airship  for  actual  fUgbi' 
tost  programs. 

economic  uncertainty  is  die  major  problem  retarding  die  development  aad  success¬ 
ful  introduction  of  modern  airship  transportatioa  systems.  Cost  uacsrtaintisB 
arise  from  unknown  production  quantities  aad  unknown  costs.  These  uacertaintieB 
in  tom  actually  result  from  ualnown  market  sine  (UjK,  how  many  missions  could 


270 


low  cost  «ad  would  have  dko  advantage  of  providing  roal  porformaace  information 
at  an  aarly  date. 

We  are  recommending  to  your  committee  the  implementation  of  iuch  a  program 
using  the  design  of  the  U.S.  Navy  ZPC*3W  aixsldp,  which  was  the  laigest  non- 
rigid  airship  ever  manufactured. 

This  airship  could  operate  either  as  a  fully  buoyant  VTOLi  vehicle  or  in  a  hybrid 
or  semibuoyant  mode  as  a  STOLi  vehicle  using  aerodynamic  lift  for  increased 
payload  capability,  hi  die  hybrid  mode*  the  ZPG**3W  payload  capacity  would  be 
approximately  25  tons  with  an  endurance  c^ability  of  over  80  hours.  Top  speed 
of  the  original  ZPG-3W  was  75  knots.  This  speed  can  now  be  increasddjto  100 
knots  with  die  use  of  more  modern  transportation.  I 

This  baseline  design  could  be  updated  to  incorporate  new  materials*  .uctures* 
and  propulsion  technology  to  achieve  a  significant  improvement  in  performance 
for  todayU  missions.  This  flying  test  bed  airehip  could  be  need  ae  a  scale  test 
vehicis  to  experimentally  investigate  and  develop  aireb^  operational  capabilities 
as  well  as  investigate  adva.nced  technology  applications. 

These  investigations  would  include  cargo  tranefer  techniques*  buoyancy  control 
technology*  ballast  recovery  systems*  personz^l  minimised  ground  handling  op¬ 
erations,  incorporation  of  advanced  avionics*  as  well  as  odier  improvements 
that  could  farther  enhance  mission  capability. 

t 

Also  the  ra>:ommended  vehicle  would  <erve  .e  .  highly  deeir.ble  platform  to  ia- 
veatigate  and  evaluate  censor  type  payloade  for  irUitary  or  civil  miseione.  A 
typical  civil  mission  would  be  used  as  a  monitoring  system  for  environmental, 
agricultural,  and  energy  program!. 

This  approach  offers  a  solution  to  the  problem  of  avoiding  the  cost  of  impl<'menting 
a  new  design  by  using  an  existing  design  as  a  program  baseline  for  new  devi,lop* 
mente. 

In  summary,  we  are  confident  that  the  field  of  l,TA  is  an  untapped  resource  now 
within  our  nation,  particularly  when  we  view  a>e  additional  performance  that  can 
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airthip*  cost  etfectivsly  perform)  snfo  irttst  chazastarlstics  (spaed  peyloed.  range, 
etc. )  the  airship  should  possess  to  perform  these  missions  and  the  costs  required 
to  develop  such  a  vehicle. 

Thus,  a  dilemma  arises.  Airship  costs  depend  on  quantity  produced.  Production 
quantity  and  airship  characteristics  depend  on  the  numbers  and  types  ot  missions 
airship  can  competitively  perform.  The  ncunbar  of  missions  dut  airships  can 
perform  is  uncertain  because  actual  fli^t  tastiag  and  operational  investigations 
have  not  been  conducted  due  to  lack  at  a  research  or  test  bed  airship.  A  research 
or  test  bad  airship  is  not  available  because  of  the  uncertainty  in  what  sise  airship 
should  be  developed  and  the  cost  to  develop  such  an  airship. 

One  approach  to  eliminating  the  development  coat/applications  dilemma  and  still 
providing  a  flight  test  and  operational  research  airship  is  to  construct  the  vshicls 
based  on  an  existing,  proven  design,  successfully  built  and  0own  in  recant  appli- ' 
cations.  This  research  airship  or  flying  test  bed  could  perform  realistic,  flight 
evaluations  for  a  broad  spectrum  of  mission  applications  and  serve  as  a  flying 
test  bed  for  the  evaluation  of  improved  technological  and  operational  approaches. 
This  research  airship  approach  could  be  implemented  at  relatively  modest  cost 
and  the  potential  benefits  of  a  viable,  modern  airship  transpc  Ation  system  are 
great. 

CONCLUSIONS  AND  RECOMMENDATIONS 

We  believe  that  many  of  the  applications  being  considered  for  LTA  vehicles  are 
practical,  but  unfortunately  most  of  the  applications  taken  alone  do  not  justify 
the  investment  necessary  to  develop  u.s  required  vehicle.  It  is  of  interest,  how¬ 
ever,  and  important  to  note  that  the  type  of  vehicle  desired  for  all  applications 
is  basically  the  same.  Because  of  this  basic  similarity,  Goodyear  believes  diet 
the  country's  military  and  civil  interests  would  be  best  served  by  Government 
support  of  a  program  for  manufacture  and  operation  of  a  vehicle  that  could  be 
used  to  conduct  mission  evaluations  for  a  broad  spectrum  of  applications.  Also, 
such  a  flying  test  bed  vehicle  could  be  used  to  evaluate  the  application  of  Space 
Age  technologies  to  LTA  system  design.  It  could  be  implemented  at  a  relatively 
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ba  achiavad  with  a  modam  alrahip  daatga.  Wa  woald  Ilka  to  thank  poo  again  for 
tha  opportunity  to  raapond  to  your  raquast  lor  a  atatamant,  and  wa  look  forward 
to  an  incraaaad  amphaaia  on  foa  iwraatigatioa  of  thia  typa  of  air  tranaport  aya- 
tam. 
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MRUMIXIANAB^OaPAeB 
BaRF>aRATiaN 


31  Jtaly  1974 


Ibe  Honorable  Frank  B.  Moaa 

Cbalnan,  CoBlttea  on  f 

Aaronautleal  and  Space  Sclaneea 
tJbltad  Statea  Senate 
Haahlnctcn,  S.  C.  20510 

Saar  Mr.  Cbalraan: 

In  replF  to  your  letter  of  June  IS,  I  uelccae  the  opportunity 
to  eoMent  to  tbe  Senate  Conlttee  on  Aeronautical  and  Space 
Seiencea.  HASA  aeronautica  T^aonnel  are  of  extreaely  higb 
teebttieal  excellence  and  are  veil  aotivated  toward  new  and  improved 
aerodyuaale  concepta.  We  xeaeBber  well  the  aeronautical  technical 
infonation  aade  available  to  ua  tturaivh  BASA  and  eapecially 
throush  the  Hational  Adrlaoiy  Ccnwlttee  for  Aeronautica  prior  to 
1958  and  recognlae  that  theae  data  played  a  aoat  li^ortant  role  in 
the  U5>year  hlatory  of  our  coqiany.  It  la  further  recognlaed  that 
Space  Age  ea^haala  nlnladted  HASA'a  aeronautical  reaearch  work 
during  tha  paat  15  yeara.  There  la  no  ahortage  of  new  ideaa  for 
aircraft  within  HASA,  but  there  la  a  naad  for  increaaed  funding 
for  aeronautical  reaearch. 

In  thia  eontert  and  with  the  belief  that  HASA  peraonnel  are 
■oat  capable  In  tbe  aelection  and  execution  of  the  apeelfic 
aeronautical  reaearch  prograaa,  I  would  like  to  offer  tbe  follow* 
Ing  thoughta  to  your  (kxaalttee: 

1.  Detention  of  ecological  goale  la  an  Ixpertant  factor  in 
future  world  narketa .  lov  noiae  and  low  pollution  are 

a  Boat.  ! 

2.  Fuel  coeta  will  play  an  increaaingly  ixportaot  role  in '  I 
tbe  aelection  and  acqulaltlon  of  ayateaa  in  tbe  future. 
He  do  not  aee  a  replaceaent  for  foaall  fuel  in  aircraft 
in  tbe  next  15  yeara  nor  do  we  aee  an  iigirovenent  in  ^ 
engine  oyclea  which  would  yield  any  large  reduction  in 
apeciflc  fuel  conauiVtion.  Application  of  llgbtwei^t  . 
atructural  technology  ai^  active  load  control  pronlaea' 
relatively  aodeat  aavlnga  in  fuel  per  paaaenger  Bile. 
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AdditlofiAl  savings  can  also  be  expected  vben  the  need 
for  large  quantities  of  reserve  fuel  can  be  aarkedly 
reduced  through  better  veather  forecasting  and  air 
traffic  control. 

Althougli  ve  do  not  see  any  dranatic  savings  In  fuel 
per  passenger  mile  we  believe  that  normal  evolution 
of  this  pareoeter  will  be  isqtortant  to  sales  of  future 
aircraft.  We  conclude  that  the  only  practical  solution 
Is  to  save  as  much  fuel  per  passenger  mile  as  possible 
and  direct  our  national  priorities  to  develofskent  of 
substitute  fuels  for  energy  uses  that  are  ground-based 
and  relatively  Insensitive  to  wel^t.  Air  transporta¬ 
tion  should  have  first  priority  on  fossil  fUsls. 

An  excellent  safety  record  is  a  prerequisite  to  futiure 
aircraft  sales.  Decreased  approach  and  landing  speeds 
throu^  further  development  of  hi^-lift  and  perhaps 
variable  sweep  technology  is  of  definite  interest. 

Militaiy  experience  supports  the  lower  speed- increased 
safety  relationship  and  indicates  that  desiring  for 
lower  landing  speed  will  result  in  lower  liftoff  speed 
for  sdditlonal  safety  benefit.  Also*  labored*  more 
highly  sutosated  traffle  control  systems  that  minimise 
airsi^ace  cangestlcn  and  reduce  accident  probabilities 
are  needed*  Greater  eoipfeMsis  should  be  placed  on  design 
of  fall  operational/fail  safe  aircraft  propulsion  and 
flight  control  subsystems. 

In  Btnnaiy  our  message  is:  allow  lUSA  personnel  to  select  the 
detailed  research  progrems  with  the  overall  goal  of  achieving  a  low 
noise,  low  pollutant,  fuel  efficient,  and  safe  transportation  system. 

Thank  you  for  the  opportunity  to  present  our  thoughts  to 
your  CoBBdttee.  I  would  appreciate  receiving  a  copy  of  your 
Connlttee^s  findings.  Please  do  not  hesitate  to  call  on  ns  If 
I  can  be  of  further  assistance. 


Sincerely, 

GHUMAH  AEROSPACE  CORPORAUCH 

Jowib  G>  Gttvln,  Jr. 

Chatnuin  qt  the  Boanl 
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WASHlNOrrON.  o.  c. 


Senfttor  Fran  E.  Mo«« 

Chairman 

Committae  on  Aeronautical  and 
Space  Science! 

New  Senate  Office  Building 
Waehittgton.  D.  C.  20510 

Dear  Senator  Moae: 

Paul  Thayer,  President  of  The  LTV  Corporation,  has 
advised  me  of  your  committee's  hearings  on  Advanced  Aeronautical 
Concepts  and  of  your  18  June  invitation  to  sulMmt  a  statement 
for  possible  publication  in  the  hearing  record. 

We  welcome  this  opportunity  to  be  heard,  and  LTV 
Aerospace's  statement  is  enclosed  for  your  consideration. 


Enclosure 
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SIAT«IIBHT 

on 

AOVMICBD  AUtOHAOTlCAL  COHCBPTS 


LTV  Aaroapac*  Corporation  walcoaos  this  opportunity  to 
participata  in  thasa  laportant  haarings.  Nhlla  wa  currantly 
ara  a  producar  of  military  rathar  than  coaHarclal  or  ganaral 
aviation  aircraft,  wa  hava  baan  a  major  contributor  to  tha 
advancamant  of  aaronautlca  for  anra  than  half  a  century  and 
currently  ara  at  work  on  some  promising  advanced  concepta 
which  could  significantly  Increaaa  tha  efficiency  of  ccaater- 
clal  transport  aircraft.  Me  also  would  like  to  recommend 
tha  pursuit  of  several  allied  technologies  which  ultimately 
could  result  in  substantial  econoailc  Improvement  in  air 
transportation . 

One  of  our  advanced  concepts  utilizes  a  multi-bypass 
ratio  propulsion  system  which  can  be  Integrated  very  well  with 
the  aerodynamic  arrangement  of  an  airplane  to  provide  substantial 
benefits  in  perfonunce  and  utilization. 

Ccablned  aarodynamlc/propulsion  approaches  have  been 
employed  in  the  past,  although  with  less  effective  synergetic 
relationships  in  adnd.  STOL  and  V/STOL  airplanes,  such  as  our 
XC-142  tri-service  transport,  were  designed  to  utilize  the 
propeller  flow  to  li^rove  the  aerodynamics  and  control  at  low 
speed  and  hover.  More  recently,  unlgiue  arrangaments  were 
introduced  on  the  Advanced  Medium  STOL  Transport  project  to 
induce  an  increase  in  wing  lift  through  appropriate  position¬ 
ing  of  the  turbofan  exhausts. 
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The  multl-bypeas  ratio  propulsion  system  utilizes  a  cross 
flow  fan,  a  device  Invented  In  the  last  century  and  perhaps 
best  described  as  a  linear  air  pump.  The  cross  flow  fan  resembles 
a  long,  thin  version  of  the  familiar  "squirrel  cage*  blower  used 
in  memy  heating  and  air  conditioning  systems,  but  It  doesn't 
function  In  quite  the  same  way.  Rather  than  causing  the  air 
to  flow  In  one  end  and  out  radially,  the  cross  flow  fan  Is  con¬ 
figured  to  pump  the  air  across  the  diameter.  Pressure  ratios, 
well  exceeding  l.S  across  the  fan,  are  easily  achievable  and  at 
efficiencies  above  80  per  cent. 

This  device.  Installed  In  segments  along  the  trailing  edge 
of  a  wing  and  driven  by  a  turboshaft  engine,  takes  In  air  from 
the  bottom  surface  of  the  wing  and  blows  It  aft  over  the  top  of 
a  properly  configured  wing  flap.  This  fast-SK>vlng  air  could 
Induce  substantially  Increased  wing  lift  at  low  speeds  and  high 
llft-to-drag  ratios  In  cruise.  At  the  same  time,  it  functions 
efficiently  as  the  primary  thrust  for  the  aircraft. 

Thus,  the  system  could  approach  the  ultlautte  In  terms  of 
an  efficiently-integrated  aerodynamic/propulsion  relationship 
for  subsonic  applications.  It  could  result  In  a  substantial 
reduction  In  power  requirasmnts ,  permitting  use  of  smaller  engines 
and  dramatic  reductions  In  fuel  consumption  over  given  performance 
ranges.  It  also  has  the  potential  for  both  subsonic  and  si^ersonic 
VTOL  applications. 

LTV  Aerospace  is  exploiting  the  cross  flow  fan  concept  as 
one  of  Its  Independent  Research  and  Development  programs,  and  the 
Navy  currently  Is  sponsoring  further  development.  The  system 
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has  vary  high  potential  across  the  subsonic  cossierc  trans¬ 
port  spectrum  —  from  the  small  Inter-urban  commuter  to  the 
large,  transoceanic  transport. 

ReoosBended  for  further  development  and  exploitation  Is 
em  emerging  array  of  advanced  tedinologles  which  could  Improve 
the  overall  efficiency  of.  cosmiercial  aircraft  products.  These 
concepts,  when  developed  to  their  fullest  potential,  could 
lead  to  reduced  weight,  reduced  cost  and  reduced  maintenance 
«dille  substantially  increasing  reliability.  They  include; 

o  Advanced  metallic  structural  concepts  trtiich,  when  de¬ 
veloped,  will  provide  for  the  combination  of  new  structural 
design  concepts  with  the  new  developments  in  airframe  fabri¬ 
cation  . 

Advanced  alloying  of  existing  materials  currently 
vinder  development  will  provide  competitive  strength  properties 
while  enjoying  better  fatigue  and  corrosion  resistance  charac¬ 
teristics.  These  characteristics  will  result  in  lower  fabri¬ 
cation  and  quality  control  costa  plus  lower  service  maintenance 
costs.  The  advanced  fabrication  techniques  will  include  low 
cost  castings,  laminated  bonding  of  skins  and  parts  and  \he 
reduction  of  previously  required  mechanical  fasteners  by  com¬ 
bining  bonding  and  riveting  in  various  combinations  for  even 
additional  coat  reduction. 

o  Composite  structural  aiaterials  are  now  beginning  to  be 
recognized  for  use  in  the  production  of  airframe  components  at 
costs  competitive  with  conventionally  fabricated  metallic  struc¬ 
tures  . 
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Weight  aavlnga  of  20  to  30  per  cent  are  already  being 
achieved  by  ualng  theae  coaipoaitaa.  The  aaterlala  lend  thenaelvea 
to  fabrication  by  automatic,  numerically  controlled  tape-laying 
machiama,  a  procedure  which  penal ta  production  of  large  coagton- 
enta  without  jointa  while  aubatantially  reducing  labor  coata. 
Further  development  and  uaage  of  compoaita  materiala  will  reault 
in  additional  coat  and  weight  reductiona.  ^  | 

o  Eloctrical/electronie  digital  (flv-bv-wire)  oontrofl. 
avatema  will  reault  in  reduced  control  ayatem  weighta,  vqlpmea 
and  production  and  malntanance  foata  aa  compared  to  the  electro¬ 
mechanical  ayatema  employed  in  today 'a  aircraft  deatgna.  |  Moat 
Important,  however,  la  the  realiaation  that  the  fly-by-wire 

concept  la  the  neceaaary  hey  to  the  exploitation  of  . 

o  The  oontmol  configured  vehicle  (CCV)  princlplea  which 
will  provide  for  lower  aerodynamic  drag,  liqtroved  ride  quali- 
tlea  and  guat  load  alleviation,  all  of  which  will  reduoe^ithe 
empty  weight  and  f\ial  required.  I  i 

The  future  of  comaerolal  air  tranaportation,  currently 
being  impacted  by  the  reatrlctiona  of  the  energy  crlala,  could 
very  eaaily  be  affected  by  accelerated  reaearch  and  developaient 
programa  in  theae  and  other  advanced  aeronautical  concepta. 

*  I  • 
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Lockhbbo  Aubcbavt  Cobpobatiom 

■  UMSAMM,  CALirOMMiA  •••OS 


HoiTAlJt  8IUIU 

«*««  MMIMM* 
•Htcr  SClfHTItT 


JWy  25,  197** 


Senator  nraak  S.  Noaa 
Uilted  State!  Senate 

CoBBlttee  on  Aeronautical  and  Sjaee  Beleneea 
Vaahlngtoo,  O.C.  20510 

Dear  Senator  Moea: 

We  ai^aciate  the  opportunity  to  reepood  to  your  requaat  In 
Nr.  Kotehlan  of  June  18,  to  contribute  naterlal  pertinent 
to  your  recant  haarlnsa  on  Advanced  Aeronautical  Concepta. 

The  attached  brochure,  entitled  “Air  Tranaport  lecbnolcey 
Heeda , "  focuaea  on  nany  of  the  key  aaronautlca  teebnology 
laauea  of  the  next  decade  end  auggeata  acaM  prlorltlea  cn 
our  future  reaearcb  and  developaent  efforta.  It  further 
hlghll^ita  our  concern  that  the  aeronautical  effort  and 
funding  within  HASA  repreaenta  a  very  anall  fraction  of 
the  total  BASA  prograa.  In  no  way  do  we  queatlon  the 
wladoa  and  daalrablUty  of  a  atrcng  apace  prograa.  Rather 
we  auggeat  that.  In  the  face  of  the  atrengthenlng  off-aboore 
threat  to  the  U.S.  ccaaerclal  air  tranaport  Induatry  and 
the  low  levela  of  new  alUtary  aircraft  developnent,  lASA 
could  profitably  Inereaae  ita  aeronautical  contrlbutlcn 
with  a  relatively  aaall  effect  upon  Ita  total  budget. 

It  la  alao  our  hope  that  your  Coaaittee  In  Ita  dellberatlona 
can  apend  acne  tine  In  conal^lng  the  nechanlana  whereby 
new  conchpta  nake  the  tranal^lcn  frcai  federal  laboratorlea 
to  the  airplane  Inventory.  USA  and  DOD  have  uaually 
atlaulated  new  concepta  to  the  point  where  feaaiblllty  and 
potential  nerlt  were  clearly  eatabliahed.  Hiia  la  an 
essential  first  step  in  which  the  govemaent  laboratories 
have  been,  and  continue  to  be,  outstanding.  However,  two 
further  stepe  renal n  In  the  transfer  of  new  technology  to 
new  aircraft  and  we  can  foresee  difficulties  In  both  of 
these,  particularly  In  the  ccanercial  field. 

laedlately  following  the  deaxmatratlon  of  feaaiblllty  of 
a  new  technology.  It  la  naceaaary  to  perfont  a  large  mnber 
of  detailed  engluering  taaka  to  ensure  that  the  new  concept 
la  aatlafaetory  In  all  raapeota.  A  current  iUuatration  la 
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tbe  eoBctfft  ot  gngbita  eevMltaa  itruetiosl  BKterlal 
tor  aircraft.  Va  hara  nor  dMonatratad  tbat  «c  eaa  aaka 
■tieh  BBtarlal,  with  atraocth  and  stlffMaa  nvarlar  to 
eoonatlaoal  aataUic  aircraft  itraetnraB,  at  a  ecapetltlTi 
coat.  It  BOO  r— Im  to  ahow  that  ttaaaa  aatarlala  will  , 
raaalB  aatlafaetoiy  for  a  typical  aircraft  aarrlca  Ufa;  , 
that  thajr  have  bo  dlaqaallfplag  eonoalan  problcBB ;  that  / 
thay  will  aarwlva  ll^htBlng  atrlkaa;  that  field  repair 
taehnlqoaa  eaa  ha  dcwalopadt  and  a  heat  of  tiallar  datallad 
aafloaarliv  taaka  which  Boat  sraeada  thalr  oparatlonal  uaa. 
la  tha  paat  wa  hare  groaaljr  tha  aatoitnda  ot 

this  latonMdtata  taak  batwaaa  faaalblllty  daaaeatratloB 
aad  cparatlcoal  dapLogwot.  Ha  would  atrotvljr  urea  tbat 
fiatdlag  ha  aada  avallabla  for  1184  aad  SOD  to  play  a  graatar 
rola  la  thla  pbaaa. 

Tha  flaal  atap  la  traaafer  ot  aqr  oaw  tachnology  to -tha 
oparatlcoal  phaaa  raqulraa  that  difficult  daelalca  oa  tha 
part  of  tha  aircraft  laduatryt  tha  or  tha  uiiiiii»aiil 

to  accept  tha  rlak  of  a  saw  ecaeapt  for  Ita  jrcalaad  liQrova- 
■aat.  Thla  rlak  la  alnlataad  with  good  aaglaaarlag  davalopMot 
but  hlatory  ahowa  that  It  la  BBwar  eo^lataly  abacat.  There 
la  Uttla  doubt  tbat  tha  praaaot  cUaata  In  tha  aeroapaea 
Induatry  la  not  eonduelva  to  the  aaaingptlon  ot  high  rlak. 

Both  financial  aad  accnoale  faetora  allltata  agalnat  tha 
acceptance  of  algnlflcaiit  rlak  aad  the  financial  eoaaailtr 
already  rataa  the  airline  and  aircraft  Induatrlaa  aa 
apaeulatlwi  flalda  for  capital  inwaatnaat.  Uhlaaa  atcpa 
are  taken  to  ebaaga  thla  poaltlon,  and  to  prorlda  ratuma 
for  thaae  Induatrlaa  cooMnaurata  with  tha  rlaka  taken, 
tha  U.8.  aeronautical  Induatry  will  find  It  difficult  to 
eontlaua  Ita  paat  record  of  high  technology  vpUcatlon 
which  haa  lad  ua  to  our  currant  poaltloo  of  IntanMtlooal  i  | 
dcBlnanoa  la  tha  air  tranaport  field.  ^ 
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TRANSPORT  AIRCRAFT  EVOLUTIO 
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NE«y  TRANSPORT  CONSIDERATIONS  -  CARGO  AIRCRAFT 
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Another  far  term  very  targe  cargo  vehicle  that  may  emerge  by  the  end  of  the  century  with  proper  lupport  and 
development  is  a  nuclear  powered  transport.  Technology  advances  in  large  airframe  design  and  mar>ufacture; 
reactor  design  for  low  weight,  ease  of  installation,  and  protection;  heat  exchanger  development;  and  developm 
of  heat  transfer  materials  must  be  carried  (Hit  in  much  detail  before  such  vehicles  can  be  looked  upon  as  being 
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North  Amarlcwi  Aircraft  Group 
RockvMN  IntomsttoMl 

0«l*0.  My«ro  1 700  EtM  Imporral  Hi^hwky 

PrMMMnt  El  SoOunOo.  Cotaforni*  9024S 

(213)  047-3506 

July  29,  1974 


The  Honor&ble  Freak  C,  Mote 
United  States  Senate 
3121  New  Senate  Office  Bldg. 
Washington,  D.  C.  20510 


Dear  Senator  Mote: 


In  my  letter  of  July  1,  1974,  which  was  in  response  to 
your  letter  to  Mr.  Robert  Anderson  dated  June  18,  1974, 

1  indicated  that  we  would  be  mobt  pleased  to  provide  for 
file  record  our  comments  regarding  advanced  aeronatitical 
concepts. 


As  I  mentioned,  we  are  all  quite  enthusiastic  about  fiie 
XFV«12A  advanced  technology  prototype  program  our 
Columbus  Aircraft  Division  is  conducting  for  the  U,  S. 
Navy.  The  enclosed  paper  provides  highlights  bf  the 
integrated  augmentation  concept  which  is  applicable  to 
this  high  performance  V/STOD  fighter  as  well  as  military 
and  commercial  transport  and  utility  aircraft.  The  proto¬ 
type  is  expected  to  fly  next  spring. 


We  consider  this  to  be  a  very  important  program  from  a 
number  of  aspects.  ^It  is  truly  an  advanced  aerodynamic 
concept,  totally  new  and  unique;  not  just  a  percentage 
improvement.  Although  the  basic  principles  of  fiirust 
augmentation  have  been  around  for  some  time,  it  is  the 
integration  of  the  augmented  propulsive  and  aerodynamic 
forces  which,  we  feel,  can  add  a  new  dimension  to  aircraft 
operations.  It  provides  a  potential  for  practical  point-to- 
point  air  operations  without  the  constraints  associated  with 
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congMtod  alrClAUa  or  l»cg«  aiicnift  c«TTi«rs,  We  eleo 
feel  tliet  eueceeaful  developmeot  of  thie  concept  will  do 
much  to  auetein  toe  leederahi^  of  our  country  in  the  world 
eircrait  marke^^ce. 

Another  Important  advanced  aircraft  concept  la  under 
atudy  at  our  Loa  Angelea  Aircraft  Oivlaion.  Thla  program, 
called  AFTl  (for  Advanced  Fighter  Technology  integration) 
la  managed  by  the  Air  Force  Flight  Dynamic  a  Laboratory. 

Although  the  program  ia  not  aa  far  along  aa  the  Cohimbua 
V  /STOL  program,  it  haa  promiae  in  bringing  together  in 
one  flight  vehicle,  aeveral  advanced  technology  ideaa  which 
toen  can  be  teated  aa  an  integrated  in,fU^l.taat  bed, 

I  have  alao  included  a  abort  paper  on  the  AFTl  program. 

We  are  particularly  pleaaed  by  your  intereat  In  advanced 
aeronautical  concepta  and  grateful  for  the  opportunity  to 
aubmit  the  encloaed  papera.  I  will  be  happy  to  provide 
additional  informatian  aa  our  program  developa. 


Beat  peraonal  regarda. 


Dale  D.  Myea 
Preaident 
Norto  American  Aircraft  Qperationa 
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THRUST  AUGMENTED  WING  CONCEPT 

Tlie  dedn  to  develop  a  hi^-perfoimance  fixed  wlni  V/STOL  aitetaft  haa  exiated  for  over 
two  decadea.  Many  conflmtadona  have  been  tried;  however,  in  neariy  all  caaea  the  uae  of 
multiple  or  oversized  eniiiiea  for  vertical  take-off  haa  severely  limited  the  ranpe  and  payload 
capability  for  a  given  aized  aircraft.  The  helicopter  haa  shown  that  the  key  to  efTicient 
V/STOL  operation  lies  in  the  integration  of  propulsion,  life  and  control  into  a  single 
concept  of  flight.  The  helicopter,  however,  also  hat  performance  limitations  primarily  in 
speed  and  range. 

Recently  a  new  concept  in  V/STOL  operation  hat  been  developed  which,  like  the 
helicopter,  integrates  propulsion,  lift  and  control  for  V/STOL  operations  as  Well  as 
providing  the  high-performance  advantages  of  the  fixed  wing  aircraft.  This  concept  known 
as  the  Thrust  Augmented  Wing  (TAW)  increases  the  vertical  lift  capability  of  an  aircraft  by 
directing  engine  exhaust  air  through  ejector  type  thrust  augmenters  integral  to  the  aircraft's 
lifting  surfaces. 

The  principle  of  thrust  augmentation  has  been  known  to  physicists  for  some  time;  however, 
test  apparatus  required  to  achieve  augmentation  was  not  readily  adaptable  to  aircraft  weight 
and  size  restrictions.  Recent  technology  incorporating  the  thrust  augmentation  principle 
into  an  integrated  aircraft  propubion/lift/control  system  has  resulted  in  relatively  small, 
effective,  Ughtwoght  augmenters  capable  of  being  folded  into  a  corrventional  airfoil  shape 
for  cruise  flight. 


Fiaural. 


Utilizing  thrrtst  augmenters  in  a  wing/canard  aircraft  configirration,  engine  thrust  and 
aircraft  lift  are  distributed  over  four  liftitrg  surfaces.  Modulation  of  these  forces,  either 
collectively  or  independently,  allows  urcraft  attitude  control  to  be  completely  integrated 
arith  the  propulsion  and  high  lift  system. 
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AUGMENTER  OPERATION 

This  thrmt  augments  c<»insuration  consists  of  movable  flaps  which  are  rotated  to  a  near 
vertical  position  for  takeo/T  Engine  exhaust  ^  it  totally  diverted  and  routed  through  ducts 
to  the  augmenter  flaps  where  it  is  directed  downward  throu^  thin  full  sp«i  dot  nozzles 
into  the  difhiaer  area  formed  by  the  fore  and  aft  augmenter  flaps. 


Figurt  2. 


This  flow  creates  reduced  pressure  between  the  flaps  inducing  large  masses  of  outside  air 
throu^  the  augmenter.  llie  resulting  exhaust  out  the  bottom  of  the  augmenter  is  a 
tow-vetodty.  hi^mass  flow  mixture  of  primary  and  secondary  air.  The  total  output  of 
primary  and  secondary  momentum  from  the  augmenter  is  greater  than  the  input  primary 
momentum.  The  ratio  of  total  momentum  output  to  momentum  input  is  tenned 
"^augmentation  ratio."* 


AUGMENTATION  CONTROL  AND  INTEGRATION 

While  maintaining  constant  engine  RPM,  the  thrust  generated  by  this  augmenter  can  be 
controlled  by  opening  or  closing  the  au^nenter  fl^>s.  The  resulting  change  in  augmenter 
exit  area  increases  or  decreases  the  amount  of  outside  air  allowed  through  the  augmenter. 
This  geometry  change  controls  secondary  momentum  and  hence  the  augmentation  ratio. 
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The  Migmenter  flaps  may  be  rotated  aft  to  allow  the  exhausted  airflow  to  move  rearward. 
The  resulting  forward  tilted  Bft/thrust  vector  provides  a  horizontal  force  for  forward 
acceleration.  At  slow  forward  speeds,  a  rapid  buildup  in  circulation  lift  occurs  due  to  the 
acceleration  of  sec<mdary  air  over  die  aerodynamic  spaces.  The  hi^  relative  air  vdocity, 
particularly  over  the  airfoil  leading  edge,  produces  lift  far  in  excess  of  that  attained  by 
airfoil  movement  alone.  This  feature  provides  exceptional  short  takeoff  capability. 


Figurt4. 


The  utilization  of  the  thnut  ai^i^ntation  system  to  perform  the  functions  of  vertical  lift, 
control  and  horizontal  thrust  provides  the  opportunity  to  develop  an  efficient  integrated 
concept  for  V/STOL  aircraft  operations. 


XFV-12A 

The  first  applicaticm  of  the  Thrust  Augmented  Wing  concept  is  on  the  XFV-l  2A  technology 
prototype  V/STOL  fl^ter/attack  aircraft  being  built  by  the  Columbus  Aircraft  Division  of 
Rockwell  International  for  the  U.S.  Navy.  This  aircraft  uses  thrust  augmenters  in  the  two 
forward  canards  and  on  either  side  of  the  rear-mounted  wing  to  provide  four  lifting  jets  of 
air  distributed  about  the  aircraft*s  center  of  gravity.  For  the  XFV>12A,  a  combined 
canard/wing  augmentation  ratio  ^ater  than  l.S  means  that  vertical  lift  can  be  obtained 
with  an  engine  only  two>thirds  the  size  required  by  a  direct  jet  lift  system. 

The  engine  exhaust  is  diverted  at  the  tailpipe  and  ducted  to  the  augmenten  as  shown  in  the 
illustration  below. 


Figure  5. 


344 


The  cool  outride  lir  induced  Uuouih  the  XFV-I2A  eufmenten,  it  a  nte  of  about  eight 
timea  the  engine  airflow,  reduoea  the  tnnperature  and  dynamic  ptemuie  of  the  engine 
exhaust  air  to  provide  the  aircraft  with  a  ‘footprint"  with  a  aaagnitude  between  one-eixth 
and  one-tenth  that  of  direct  jet  Uft  concept!.  Thk  loeHulocily  doemwaih.  with  aaaoriatril 
decteaie  in  noiae  level,  is  compatible  with  flight  nippoit  peiaonnei  opeiatiag  in  doie 
proximity  to  the  aucraft. 

The  lift  generated  by  the  four  augmenten  can  be  modulated  collectivdy  for  vertical 
accelemtion  and  hover  control,  or  may  be  varied  tatdependently  using  nonnal  cockpit 
controlt  to  produce  roll,  pitch,  and  yaw.  Pitch  control  it  achieved  by  differential  lift 
modulation  of  the  canard  and  wing  augmenten,  while  roll  control  ii  achieved  by  differential 
lift  moduladon  of  the  wing  auvnenten.  Yaw  rronttol  it  achieved  by  deflecting  the  wing 
augmenter  flaps  In  opporitc  directiont.  Thk  eiimhatet  the  separate  rourtion  control  lyitem 
required  for  low  speed  control  in  pteviout  jet  VTOL  abctaft. 

Converrion  ftom  verticil  to  conventional  flight  k  accomplithed  at  the  pilot  ictrtctt  the 
flaps.  The  fbrwttd  tilted  lift  vector  provides  a  horizontal  component  of  force  and 
accelentei  the  aircraft.  During  converrion,  the  wing  and  canard  display  characteristict 
rimlar  to  a  jet  flap  at  air  is  accelerated  over  the  aerodytuunic  surfaces  and  through  the 
augmenter.  The  supetcirculation  lift  generated  by  this  configuration  huildt  up  much  more 
rapidly  than  aerodynamic  lift  alone.  At  the  flaps  are  continuoutly  retracted,  forward  speed 
increaiat  until  conventional  wingbome  fli^t  can  be  maintained.  At  this  point,  the  engine 
exhaust  it  redirected  from  the  sugmenters  to  the  conventional  jet  tailpipe,  and  the  flaps  ate 
ftiUy  retracted  into  a  high-speed  airfoil  drape. 


Piaureg. 


A  significant  incieaie  in  payload  may  be  obtained  with  take-off  rolls  of  less  than  300  feet. 
With  the  augmenter  flaps  pieset  to  an  intermediate  position,  approximately  60^.  the 
citculation  lift  b^itts  to  buM  immediately  upon  brake  release.  UR-off  is  followed  by  a 
relatively  steep  climb  as  the  total  lift  continues  to  increase.  Steep  approaches  with  either 
vertical  or  short  landings  ate  advantageous  in  reducing  noiae  and  congestion  at  the  landing 
rite. 


tl? 
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In  dw  XFV-12A.  dm  aucmanttr  fl«|M  an  daiipiad  to  nna  muttipla  puipana.  Sinoe  the 
wint  and  canard  an  both  ttfdnt  nufacea,  the  ftiB  van  tnilini  edde  flapa  an  uaad  aa 
oonvwitkmal  aaodynandc  control  doyicaa.  IMI  b  obtained  udnt  the  wtag  fla^  and  pitch  ia 
obtained  with  the  wint/canard  flap  oombinadoo. 


Fl(ura7. 

Potential  for  direct  control  of  lift  during  conventional  flight  is  acquired  by  simultaneously 
deflecting  the  wing  and  canard  flaps  downward.  Initiid  tendency  of  the  aircraft  then  it  to 
move  straight  up. 


FlgmS. 


lifferentially  deflecting  the  left  and  right  canard  flaps,  it  is  possible  to  generate  a  direct 
force  on  the  airplane.  Interoonnectirtg  rudder  and  flap  movement  elimirutes  roll  and  the 
hrw  moves  horizontally  sideways. 


FiguteP. 
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In  addition  to  perfonoing  the  V/STOL  hmetiofu  of  lift  and  control,  the  fore  and  aft 
mmenter  flaps  on  the  wings  are  used  togatfaer  during  conventional  fUtfit  to  inovide  90 
square  feet  oi  apttd  brake  area.  This  eliminatee  another  asperate  system  found  on 
high-performance  aircraft. 


Figure  10. 


ADVANTAGES 

The  smaller  XFV>12A  propulsion  system  made  possible  by  this  thrust  augmentation 
principle  requires  less  fuel  for  take-off  than  prior  jet  V/STOL  concepts,  as  wdl  as  offering  a 
more  efficient  propulsion/airframe  match  during  conventional  cruise  flight.  This  advantage, 
combined  with  the  greatly  enlarged  short  take-off  (STO)  capability  delivered  by  super¬ 
circulation  lift,  furnishes  a  significant  increase  in  the  range  and  payloads  normally  associated 
with  nonintegrated  V/STOL  aircraft. 

The  large  speed  brake  area  available  as  well  as  the  capability  to  maneuver  using  direct  lift 
control  (DLO  and  direct  side  force  control  (DSPC),  all  using  the  same  aerodynamic 
aufaces,  offers  potential  air  combat  advantages  heretofore  unobtainable  in  military  fighter 
aircraft. 

FUTURE  APPLICATIONS 

The  Thrust  Augmented  Wing  technology  may  be  applied  to  aircraft  of  varied  sizes  and 
minion  applications.  Attack  aircraft  based  at  operating  sites  close  to  advancing  troops 
would  ensure  quick  reaction  to  the  ground  commanden  air  support  requests.  The  '"deck 
loitering*'  of  these  aircraft  has  inherent  economk»l  advantages  over  the  airborne  flight. 

The  military  aiiiift  capability  of  transport  and  utility  type  aircraft,  unrestricted  by  airfield 
availability,  signiftcantly  increases  operational  flexibility.  Resupply  of  Naval  ships  could  be 
accompU^ed  directly  from  shore  bases  without  the  requirement  to  land  alward  large 
aircnfi  carriers  and  transfer  cargo  to  helicopters. 

Transport  and  multimission  V/STOL  counterinsurgency  aircraft  will  be  able  to  operate 
anywhere  in  the  y/orld  independent  of  runway  availability.  Civilians  can  be  rapidly  extracted 
from  potentially  hostile  areas  where  use  of  airfields  has  been  denied. 

As  the  cost  of  airfield  construction  and  ^und  transportation  networks  continue  to 
increase,  and  as  the  congestion  at  these  fadlitm  continue  to  expand,  the  advanta^  of 
V/STOL  landing  areas  close  to  distribution  centers  become  economically  attractive. 
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V/STOL  tmuport  aifciaft  abk  to  supply  high  priority  items  to  lemote  sites  prevent  lost 
msnhouis  and  increase  supply  reaction  time.  Productive  time  lost  whik  wotkm  wait  for 
unstocked  equipment  to  be  tiucked  hundreds  of  milea  to  austere  areas  in  Alaska,  for 
instance,  could  be  extremely  costly.  Periababk  products  could  be  delivered  by  heavily 
loaded  STOVL  (short  takeoff/vertical  ivtidingt  transport  aircraft  directly  to  any  point 
having  a  parking  lot  size  vertical  landing  ana.  Current  delivefy  methods  quite  often  l^isin 
several  tranaportatioo  modes  with  its  attendant  delays,  increased  adminktrative  prdbeaaea, 
and  suaceptibUity  to  pilferage.  Point-toi)oint  ait  transportation  tends  to  eliminate  these 
disadvantages. 


Range  and  payload  capability  independent  of  aitfkid  facilities  is  the  real  parameter  for 
illustrating  the  advantages  of  V/STOL  transportation.  The  concept  of  point-to-point  air 
transportation  using  fixed  rving  V/STOL  aircraft  offers  attractive  econosnical  advantages 
that  are  as  applicable  abroad  as  they  are  to  the  United  States. 
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ADVAtICED  FIGHTER  TECHNOLOGY  INTECiRATION 


One  o£  the  mejor  progremc  currently  underway  to  advance  technology 
of  modem  fighter  aircraft  is  the  Advanced  Fighter  Technology  Integra¬ 
tion  ^FTI)  program.  The  Loe  Angela*  Aircraft  Division  of  Rockwell 
International  ia  one  of  the  contractor*  assisting  the  Fli[^t  Dynamics 
Laboratory  in  this  program. 

I 

The  development  costs  for  new  aircraft  systems  have  risen  significantly 
due  to  increasing  complexity  and  performance  required  in  modem  war- 
&re«  The  problem  has  been  aggravated  by  failure  of  some  systems  to 
meet  expectations  dfter  large  expenditures  of  hinds.  The  result  has  been 
that  new  systems  have  featured  relatively  minor  techMologieal  advances 
in  order  to  reduce  schedule  and  cost  overrun  risks.  Technical  obsoles¬ 
cence  will  be  a  continuing  problem  in  this  environment  because  technology 
risks  will  continue  to  be  minimised.  A  number  of  new  and  promising 
technologies  have  been  developed  to  fixe  extent  fiiat  titiey  show  significant 
potential  for  enhancing  vehicle  performance  and  effectiveness.  If  these 
emerging  technologies  are  to  be  incorporated  into  operational  systems, 
and  file  potential  synergistic  benefits  of  integration  of  these  technologies 
realised,  fiiey  must  be  demonstrated  to  a  level  of  confidence  fiiat  meets 
file  needs  of  low-risk  systems. 

The  purpose  of  the  AFTl  program  is  to  provide  a  mechanism  f6r  file 
orderly  and  evolutionary  transition  of  new  technologies  into  a  low-risk 
status  ready  for  transfer  into  future  fighter  systems.  Flight  demonstra¬ 
tion  of  selected  integrated  technology  can  bridge  the  gap  between  develop¬ 
ment  and  system  application,  and  reduce  the  risks  of  incorporating 
advanced  technology  without  major  program  development.  The  ultimate 
payoff  for  file  advanced  technology  demonstration  vehicle  will  be  the 
increased  efiectivenesa  and/or  reduced  cost  of  future  operational  aircraft 
which  employ  technologies  incorporated  into  fiie  demonstrator  aircraft 
developed  under  fiie  AFTl  program. 

Among  those  technologies  being  eiqfilored  at  Rockwell  on  the  AFTl  program 
are  variable  camber,  propulsive  lift  (jet  flap),  direct  lift/side  force, 
advanced  composites  and  metallic  structures,  improved  control  tiirough 
integrated  force  management,  and  high  acceleration  cockpit. 

Variable  Camber  -  In  the  past,  variable  camber  devices  have  provided 
a  simple  deflection  of  fiie  leading  and  trailing  edge  of  the  wing.  Because  of 
discontinuities  at  the  hinge  lines,  file  usable  lift  has  been  limited.  The 
discontinuities  cause  flow  separation  and  shock  wave  formation  with  resul-  * 

tant  drag  increase.  If  the  leading  and  trailing  edges  are  extended  at  file 
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•am«  tima  th«y  ara  dailactad,  lha  datirad  cambar  Una  chaaga  la  mora 
aaarly  aehiavad.  Idachanical  and  atnctaral  daaign  conaidarationa  ara 
tba  Umttlng  factora  on  ttia  amount  of  antanaion  and  daflaction  Aat  can 
ba  aehiavad  lor  a  given  wing  planform  and  tblcknaaa. 

Propolalva-Llfa  (Jat  Flan>  -  Our  varlabla  cambar  atadiaa  bava  ahown 
tibat.  for  die  range  of  wing  aapact  ratloa  and  dticknaaaaa  of  intereat  to 
the  near-term  AFTI,  the  range  of  attainable  lift  coafficianta  widumt 
aaparation  or  abock  wave  formation  la  limited  to  laaa  dtan  the  deaired 
i  lavala,  bacauaa.  at  tranacnle  apaad,  dta  local  lift  outtioard  of  50  parcaat 

apan  la  graatar  than  can  ba  auatalnad;  diarafbra,  abock  reault  and  drag 
incraatea.  At  conatant  total  lift,  the  addition  of  a  Jat  flap  to  the  inboard 
aaction  of  the  wing  raaulta  in  lower  lift  oud>oard  at  the  critical  auction 
e  wldk  the  raaultant  elimination  of  the  aback  wave.  It  can  ba  aaan  from 

the  relatlva  drag  polara  ttiat  the  jat  flap  la  an  affactiva  variable  cambar 
device,  in  addition  to  ita  propulaiva  lift,  but  die  magnitude  of  improve¬ 
ment  la  a  atrong  function  of  how  well  the  mechanical  variable  cambar 
device  attaina  low  vortex  and  wave  draga. 

Exploring  and  developing  dia  aynargiatlc  affacta  of  mult^la  tachnologlaa 
into  a  fi(^ter-typa  demonatration  air  vehicle  hac  ahown  die  potential  for 
greatly  improving  combat  performance  and  maneuvarabiUty  at  blfdt  lo^d 
factora  in  die  high  aubaonic  and  tranaonic  fll^t  reglmea.  In  addition, 
it  la  auggeating  that  thia  technology  can  be  employed  to  develop  alrc^alft 
concepta  udilch  efficiently  crulae  at  aupar aonlc  apeeda  without  the  uae.  of 
afterburning  power  in  die  engine.  Thia  concept,  if  technically  verified, 
could  provide  die  capabiUty  of  employing  totally  different  tacta  and 
methoda  of  fighter  operatlona  dian  are  currently  employed. 

Therefore,  it  It  anticipaied  diet  the  AFT!  program  will  tranaition  new 
technologlea  into  a  lower  riak  atatua  and  permit  dila  technology  into  future 
fighter  ayatema. 
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STATEMENT  OFi  F.  N.  PIASECKI 

PRESIDENT 

PIASECKI  AIRCRAFT  CORPORATION 


JULY  1974 


351 


nvtmam  » 

P.  a.  PZASBCKI 

misiHBir 

PZA8KKX  kuenan  eoKratmo* 

b«fer«  thfl 

canansB  am  tmmmjaa.  um  spaci  scxaen 

Qnltad  States  Senata 

Nr.  Chalraan  aoS  NaNbera  oP  the  CoMlttaa: 

Plaaaekl  Aircraft  Corperatloa  aaa  laeorporatad  larl9S5  ^  tha 
fouMAara  of  Plaaaaki  Beltooptar  Corporatioa.  ahleh  la  'aow  tha 
Vartol  Slvialon  of  tba  Baaing  Caapaay.  Slaea  ita  fouadlng.  PlaaaekS 
Aircraft  Corporation  haa  baaa  la  tha  forafront  of  advaacad  air¬ 
craft  design  aad  developiiMBt.  During  this  tine,  a  maabar  of  uaiqua 

aircraft  deslgaa  have  bean  built  and  taatad.  Soaa  of  these  are  pra- 
a anted  herein. 

1.  RINO-TAn. 

The  PIAC  Ring-Tall  la  an  Integrated  syaten  for  ccnaartlag  a  heli¬ 
copter  into  a  Conpound-Ballcopter,  with  significant  Ineraaaao  In 
apeed,  range,  altitude,  aaneurerablli^  aad  reliability.  A  ahrewdad 
propeller  with  allp-atrean  deflection  vanea  raplacaa  the  bellcoptar'a 
conventional  tall  rotor,  and  provides  the  antl-torqua  fwu:  .,.00  In 
hovering  flight,  as  well  as  propulsion  and  atablllty  la  forward 
flight.  A  snail  wing  li  also  provided,  which  together ^wlth  the  iUns- 
Tail  greatly  reduces  tha  dynaalo  loads  on  tha  iialn  rotor  and  Its 
drive  ayaten.  Two  nodala  of  Ring-Tail  hallcoptara  have  bean  built 
and  flown  by  PIAC,  tha  I6K-I,  tPlg>  l)and  l6H-lA,(Plg.' 4.)  PIAC  has 
conducted  a  design  study  for  the  Navy  to  convert  the  6I-2D  halleoptar 
to  a  Ring-Tall  nodlflcatlon  (Pig.  3)  which  would  nakn  a  slgairteant 
Increaaa  in  Its  speed,  speed  at  altitude  and  tine  on  station  In 
the  anti-submarine  warfare  and  antl-aurfaoe  missile  dataotlon  mlAslona. 
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IlM  Rlng-mi  ayataa  for  Caapoundlag  ean  be  appllad  to 
aim  aaatcna  of  Coi^iKiwnil-llallaoptera  or  to  oslatlag  hallooptor  do- 
aigna.  Sta  bMOflta  rooolvod  fro«  tliia  Coapouadins  ean  vary,  do- 
.pandont  mi  idiara  the  anphaala  la  plaoad  in  the  dealga  oharaeterlatlea. 

RMaa  tw^wra«aiita  fall  lato  thraa  aajor  categorlea : 

(1)  PeifenMaoa 

(S)  riying  Qaalltlaa 

(3)  Nalntanance  and  Rallablllty 

jiuatorleally,  paifonance  haa  baen  the  prime  intaraat  in  Com- 
pmaidlng  halleoptera  for  axteading  tha  high  speed  llalte  of  hell- 
ooptara,  range  and  enduranoa.  In  the  Axeor'a  "Maanoed  Aarial  Flra 
Support  Syeten*  (gdVSS)  and  In  the  Ravy'a  ASW  naneuvera  for  adMbuoy 
and  R.A.S.  .operationa,  nanauverablllty  of  the  Coa^>oulld  at  hlgl^  apeed 
haa  been  eaphaalaad. 

Reoaat  atudtaa^  Ref. (a}. have  exanlnad  the  effeete  of  unloading 
the  rotor  dynanlc  ayatan,  both  In  thniat  and  In  torque,  on  the 
fatlguey^MMii  life  of  theae  eoavonenta.  The  reaulta  ahoa  a  large 
potential  aavlng  in  the  nalntenanoe  coata  of  halleoptara,  notacOr’froa 
the  unloading,  but  from  the  redueed  vibration  levala  In  the  entire 
aircraft  due  to  the  lover  blade  forcea  and  froa  the  axial  flew  puahar 
propeller  In  forward  flight. 

The  practical  value  of  the  Rlng-Tiil  Cenpound-Bellcopter  aya- 
tcn  to  helicopter  operatlona  la  algnlf leant  frea  a  safety  standpoint. 
The  ceapeuad -Helicopter  crulaea  with  Its  rotor  collective  pitch' In 


\ 
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a  low  aattlng  and  with  tha  rotor  In  a  plana  parolXel  to  tha  llna 
of  flight.  Hanca,  upon  a  pooar  fallura,  tha  tine  lag  and  tha 
pilot  control  aotlona  required  to  enter  autoretatloo  with  tha 
iBlnlBUin  loea  of  altitude  are  nlnlnlsad,  Ineraoalng  tha  aafatjr  of 
flight^  especially  at  low  heights  above  tha  surface. 

The  enclosed  tall  propeller  eliminates  aueh  of  the  hosard  of 
the  open  tail  rotor  of  the  helicopter  which  has  been  dubbed  the 
highest  score  killer  item  In  helicopters  by  the  U.  S.  Aimgr* 
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th#  ooMpounClinc  of  holteoptora 

efforo  ailtl.fkootod  laprovoMnta  to  oslatlnK  and  futura  halleoptarn 
aa  foXXoaa: 

Hatntalnabima/RallabHitar 

Raduoad  fatlyua  loada  In  rotor  djmaale  eonpenanta 
Raduead  albratton 

Spaad 
Ranga 
Bnduranoa 
Crulaa  altltuda 

Ineraaaa  in  groaa  aalght  growth  potantlal 

Handling  Qualltiaa 

Stability 
Manauaarab 1 1 1 ty 
Laval  attltuda 
Safaty  low  laval  fll|0t 
Safaty  ground  paraonnal 
towar  nolaa  lavala 

Thaaa  advantagaa  ara'aVpHeablo  to  both  anall  utility  alreraft 
aa  wall  aa  tha  largar  tranaport  alroraft.  In  tha  latter,  the 
vartloal  forea  available  at  all  tinea  froa  tha  aatamal  elevator 
behind  the  Ring-Tall  oan  provide  a  trln  forea  to  pamlt  large 
eantar  of  gravity  novawnt. 

lhaaa  Inprovananta  oan  nalee  enough  dlffaranee  in  the  eoata 
of  opemtlena  (|/paaaangar  alia),  the  productivity  (paaaangar/ 
atlaa/yaar),  and  tha  aafaty  and  coafort  to  paaaangars  and  naighbora, 
ovar  euTNnt  helicopter  obaraotarlatloa,  that  It  la  bellevod  a 
new  laval  of  VTOL  utillaatlon  can  be  achieved. 


FRONTISPIECE  -  SH-2 D/ R I N&-T AI L,  VIEW  FROM  SUB 
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J.  KIKO-WlHa 

Hi*  MAC  eonaiat*  of  a  prepallar  ■ountad  la 

a  tnmoatad  ahvoud,  «ltk  daflaotlac  vaaaa  in  Ita  aalt  aaaa  to 
turn  tha  allpatraan  dotaward.  In  hovarlng  fllfhtt  tlia  vaaaa 
daflaat  tha  allpatman  aaaantlally  aartteally  to  prorlda 
hovarlng  eapablllty.  In  forward  fll^t,  tha  Rint-ahreud, 
ttaalf,  at  a  aaall  aagla  of  attaak,  aata  Ilka  a  wins  and 
aupporta  tha  alraraft.  Iha  "Sky-Spy*  daalpt  llluatrataa 
(Vlg.  t)  thla  typa  rahlela  aa  an  RPV,  uMumnad  aurvolllanea 
alraraft.  High  orulalag  apaad  for  aurvlvablllty,  qulak 
roaatlon  tlaa,  at  wall  aa  a  hotrarlng  eapablllty  to  "taka  a 
battar  look,"  and  to  pamlt  oparatlon  Into  and  out  of 
unpraparad  altaa  would  ba  tha  kay  faatura  of  thla  aircraft. 

A  wlnd-tunnal  nodal  of  an  attaak  aircraft  typa  utlllalng 
thla  oonflcuratlon  la  thown  in  Pig.  5. 
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UTl-^«UCOmB  WKAVy  LIW  aTSreil  ('WWM) 


Lifting  loada  far  bayond  tha  eapablllty  of  tha  largaat 
aurrant  halleoptar,  althoiit  tba  naeaaalty  of  daaaloplng  now 
taobnologjr  or  a  na«,  largar  hollooptar,  la  tha  objaotlva  of 
thla  ooneapt.  Two  or  aora  aalatlng  halleoptora  ara  nodi f lad 
ao  that  thay  aan  ba  rigidly  Intareonnaatad  and  flown  aa  a 
alngla  «ahlola«  adding  thalr  lift  aapablllty.  Tha  rotor 
drlwo  ayatana  ara  Intareonnaatad  to  prorlda  a  high  dagraa  of 
radundaney  agdlnat  powarplmt  fallura.  nto  control  ayatana 
ara  lilao  Intareonnaatad,  ao  that  tha  antira  aaaamtoly  la 
flown  fron  ona  eoekplt.  (fig.  10)ahowa  two  CR-53D  haldeoptara 
aoupled  in  an  aaaanbly  whieh,  aa  ahown  In  a  daalgn  aljpdy 
(Itef.  b)  for  tha  Nary,  oould  lift  a  payload  of  nora  than 
18  tona.  Vlth  tha  largar  nodal  CH-53B  It  oould  lift  32  1/2 


tona. 

In  ordar  to  naot  tha  OSAF  naad  for  lifting  nlnutanan 
niaailaa  in  and  out  of  alloa,  to  altitude  for  free  dropa, 
and  other  nlaaila  transportation  funotlona,  a  daaign  study 
was  nada  of  this  imHtiS  oonoapt  in  tha  ^0  ton  eapaelty  site 
and  with  apaada  in  axeass  of  230  kts.  and  altitudes  over 
20,000  ft. 

nia  NHHU  aystan  eould  ba  designed,  built  and  tested 
for  a  aiwll  fraetion  of  the  cost  of  a  now  Heavy  Lift  Hell- 
eoptar.  In  addition,  the  Individual  helleopters  can  be 
dlsaasamblad  into  their  individual  entities  and  used  for 
saallar ‘payloads  during  tinae  when  the  haavy-llft  eapablllty 
la  not  required,  or  for  stowage  below  daeks. 
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«.  AgROSTAT  AMP  MVLTIPLS  HBLICOPTgW  LIW  SYSTEM  (THB  HEU-STAT) 

Por  ultp*  larsi  paylMda.  and  vtthout  having  to  dovalop 
a  now  tatiinolegy,  PIAC  haa  eonealvad  tha  Hall-Stat.  Pour  or 
■ora  axlatlng  halleoptara  ara  oouplad  bp  Moana  of  rigid 
atruetura  to  a  largo,  unpowarad  aaroatat  of  otraaallna  ahapa. 

Tha  halleoptara  ara  fraa  to  pivot  at  tholr  junetlona  to  tha 
atruetura,  ao  that  thap  eaa  fiimlah  both  lift  and  propulalon 
to  tha  aaaaBblp(Plg.  11).  The  aaroatat.  haa  aufflelant 

lifting  eapaeltp  to  aupport  tha  wallet  of  the  halleoptara  and 
thalr  Intareonnaetlng  atruetura.  Ttiua,  all  of  the  thruat 
produoad  bp  tha  halleoptar  rotora  la  available  to  lift  and 
propel  tha  papload.  Sueh  a  eoablnatlon  haa  a  payload  potential 
greater  than  tha  aaroatat  alone  would  have,  or  the  halleoptara 
In  eoablnatlon  (aa  In  tha  NHHU).  PtAC  haa  atudled  daatgna 
with  paploada  froa  65  tana  to  280  tona.  Still  larger  paploada 
ara  poaalbla. 

Tha  plaeeaant  of  tha  tntareonneetad  halleoptara  at 
large  dlatanoaa  froa  tha  eantar  of  tha  aaaaablp  with  thalr 
high  contribution  to  the  lift,  provldaa  large  control  monanta. 

Thua,  the  Hall-Stat  with  thla  praelalon  and  powerful 
eontrol  allalnatea  tha  large  ground  craw  requlranent  of  paat 
dirigible  oparatlona  and  allowa  thla  lift  to  be  utlllaad  In 
crane  oparatlona  where  placeaient  of  leada  In  tholr  dealrad 
final  poaltlon  la  required. 

niua,  tha  Hall-Stat  can  land  aafalp  In  unprepared  areaa, 
and  In  atandard  air  flalda  without  apodal  aqulpnant. 


3a--»6f)  0-74-24 
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nte  teclinolOEy  Involved  In  the  preceding  developaents  are 
repreaented  by  patents  In  the  United  States  and  foreign  countries, 
and  In-Cosipany  know-how,  both  of  which  are  available  for  licens¬ 
ing,  world -wide. 
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STATEMENT  OF  CHARLES  EMERY  R06ENDAHL 
Vice  Admiral,  USN,  Retired 

Hr,  and  Meabarn  a 

U.B,  Sennte^^Anronnuticn  and  Space  Sclen^aa  Cdaalttee:  ' 

Aa  one  eho  haa  bed  ope'nttat  axperianca  and  reaponalblll!tlea  In  the  field  of  alrahlpa; 
hea  atudled  their  record#  end  perfomeacea ;  end  renelna  e  believer  in  auch  creft>  pemlt 
■e  to  expreaa  my  gratitude  to  you  gentlaaen  of  thla  Coenlccee  for  your  vllllngneas  to  take 

an  active  Intereat  in  the  currant  conalderation  being  given  to  the  revival  of  alrahipa. 

\ 

The  vieua  and  ccnnanta  preaented  herein  are  strictly  and  solely  ^  own.  I  have  no 
affiliation,  actual  or  potential,  with  any  concern  or  individual  who  stands  to  gain  fren 
an  alrahip  progran  should  there  be  one.  Moreover,  I  have  bad  no  part  whatsoever  in  the 
current  airsh^  propaganda  being  showered  upon  the  public. 

Furtbemore,  1  see  no  use,  at  this  nonent  at  least,  of  ''x-reylag'*  such  a  surfeit  of 
propaganda  as  the  volunes  of  spoken  and  written  words  and  the  assorted  “artisifa”  concep¬ 
tions'*  of  the  heliun  behenoths  now  alooae  in  the  dreseoforld,  except  to  note  a  sinultan- 
eously  incited,  legittaate  curiosity  as  to  whether  such  dreanboets  could  actually  perfom 
the  deeds  being  pro|dieslxed  for  then. 

The  public  haa  the  right  to  wonder  why  nearly  three-score  years  after  our  country 
first  becaaa  Interested  in  airships,  ve  are  now  at  a  ataiaaate  in  both  rigid  airships 
and  nonrigid  airships  (bllnps). 

During  World  War  11  we  operated  bliaps  with  narked  success  in  their  specified  nlssions: 
on  the  Bsclflc  Coast  frcai  border  to  border;  in  the  Gulf  of  Mexico;  along  the  full  length 
of  our  Atlantic  Coast;  in  the  Caribbean;  along  Central  and  South  dnerican  Bast  coasts 
down  to  below  Bio;  and  also  in  the  Western  Medi^erranean.  We  evolved  a  very  satisfactory 
bllnp  and  Its  equipoent,  that  could  be  revived  and  placed  In  useful  services  today.  After 
deliberate  nefarious  chipping  away  at  then  even  during  the  War,  in  1962  the  Bevy  Depart- 
nent  on  the  fllasieit  of  pretexts  abandoned  bliaps  altogether. 

With  reepect  to  the  rigid  airships,  those  in  authority  over  then  have  shaaefully 
let  the  world  draw  the  utterly  ridlculoua  conclusion  that  the  Dnited  States  lacked  the 
ebility  to  design,  aaaufecture,  and  operate  such  aircraft  successfully  in  Inportant  fields. 

Vo  knowledgeable  person  disputes  that  In  practically  every  new  project  of  aay  con¬ 
sequence,  e  period  of  pioneering  "triale  and  tribulations"  is  expected  -  or  is  "per  for 
the  couree**  it  night  be  said,  gut  wlidt  Is  not  generally  realised  Is  the  greet  eoAcnl:  Ce 
jAlch  hiWMin  pxejudicee  end  unwarranted  biae  have  been  responsible  for  mr  present  airshlg 


8tal(Mt«.  Let  eeatire  you,  however,  tEet  It  bee  been  of  aejor  el^iifieeiice.  Beviag 
vttneeeed  eo  such  of  thle  flreC'he&d,  it  ie  my  opinion  that  this  la  a  natter  for  recording 
in  written  hiatory.  The  bulging  nanuecript  for  thle  book  ia  practically  cceiplete,  aiy  one 
reenlning  problen  being  what  to  leave  out  to  keep  it  to  one  voIum. 

Hhat  facea  ua  at  the  aonent  ia  whether  we  ahould  revive  a  rigid  alrahip  program;  ao 
here  are  aona  of  wj  thooghta  on  the  natter: 

<a)  Seaenber  that  the  field  of  air  tranaport  doea  not  belong  aolely  to  one  fom  of 
aircraft  but  can  accomodate  and  utilise  each  of  auch  apeciallata  aa  the  airplane, 
the  flying  boat,  the  alrahip  and  the  helicopter.  On  land,  at  aea,  and  In  the 
air  it  la  appr<^rlate  apeciallata  that  provide  ua  tranaportation. 

<b)  The  rigid  alrahip  ia  priawrlly  a  transoceanic  vehicle  for  long  diatancea,  tboogb 
obviously  it  haa  to  croaa  aoae  land  to  get  to  and  fron  the  aea  fron  its  teiminala. 

(c)  Forget  regular  transcontinental  or  overland  aervice  for  rigid  airships  or  be 
prepared  to  cone  to  grief. 

<d)  Seaune  alrahip  service  (transoceanic)  on  a  freight  or  cargo  basis.  In  tlan  aone 
passenger  business  too  will  cone  to  the  oceanic  airship. 

(d)  Insure  an  adequate  prototype  or  ’'ahakedown*'  period  before  placing  the  abip(a)  in 
service.  Knowing  huann  nature,  I  venture  that  this  will  be  the  toughest  condl- 
tlon  to  fulfill. 

(f)  Provide  such  safeguards,  probably  legal,  that  airship  authorities  cannot  shirk 
any  pegtion  of  the  airship  pyogran  assigned  to  them  severally  or  collectively. 

(g)  Decide  on  the  initial  protot7pe(8)  to  be  built,  but  provide  for  a  continuing 
reseiatch  exparlnental  activity  Into  which  to  direct  proaising  speculative 
types  that  nay  be  offered,  and  to  provide  updated  Inproveaents  in  already  existing 
types.  Don't  waste  years  on  dreaaboats. 

<h)  Resuae  rigid  airship  construction  with  an  already  proven  type,  making  it  legit* 
inately  larger  if  practical  and  otherwise  advisable. 

(i)  Fcr  purposes  of  (h)  the  HINDKNBURG  (12-129)  was  by  a  wide  margin  the  best  rigid 
airship  ever  built  and  put  into  service.  The  later  LZ-130  was  probably  even 
slightly  better. 
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Cartala  aoillflcatlaaa,  aoM  toe  coatly  feat  <uqr  otaidpotat.  «ooU  whs  tko  nooltaot 
eblp  an  enraa  batter  eoa  In  Inpnrfanf  reapacts. 

I  hanro  in  nlai  certain  andiftcattona  and  «onU  tiadl;  paaa  than  aleat  to  the 
aganejr  oraatuall;  to  be  eharsad  with  auch  prednctlaa. 

It  would  be  wary  adwtaable  to  coaatruet  and  operate  two  prototypea  aliltanecwaly. 

<J)  On  the  baala  of  paat  porfotaanco  and  attltudoa.  kaap  the  Bawy  out  of  tha  airahlp 
ravlwal .progran. 

(k)  I  atand  raady,  at  your  requaat,  to  auniaaaat  anything  I  have  adld  or  Indlcatad 
heroin. 

(l)  Starting  froa  acratch,  daartcan  taehaologleal  talant  atartlad  the  world  by  Ita 
aaaaingly  auecaaaful  prograa  in  apaea. 

I  for  one  rofuaa  to  entertain  avan  tha  allsktoat  thought  that  dMrlcan  tocfanologlcal 
ganlua  cannot  aaka  a  auccaaa  of  aodam  alrahlpa  too,  particularly  having  tha  aainantly 
auecaaaful  HmOnOIG  typo  aa  tha  atarting  point. 


July  1074 


•.  B.  soBsmsin. 
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OHM  vu»>Muw  uMrm  amouwt  ronFowiTioii 

31  July  1974 


Honorable  Frank  B.  Noaa 
Chairman 

United  Stataa  Senate 
Comnlttee  on  Aeronautical  and 
Space  Sclencea 
Wa^lngton,  O.C.  20510 

I3ear  Hr.  Chairman: 

United  Aircraft  Corporation  welcomes  this  opportunity  to 
respond  to  the  Invitation  Issued  by  the  distinguished 
Chairman  of  the  Senate  Ccomlttee  on  Aeronautical  and 
Space  Sciences.  We  are  happy  to  submit  some  of  our 
views  on  Advanced  Aeronautical  Concepts  for  Inclusion 
in  the  Record  of  your  current  hearings.  These  views 
cover  the  areas  of  Interest  mentioned  In  yoiur  news 
statement  of  June  14.  1974,  with  one  exception  — 
llghter-than-alr  vehicles  vdil<di  has  not  been  a  subject 
>  of  our  limedlate  Interest  In  recent  years.  We  certainly 
agree  that  the  United  States  Is  not  putting  a  sufflcSebt 
effort  In  advanced  concept  development  areas  to  assure  a 
continued  dominance  of  the  coonercial  aircraft  market. 

One  such  area  la  the  development  of  technology  necessary 
for  a  viable  contender  for  a  future  S3T. 

Both  in  Europe  and  in  Russia,  large  scale  efforts  are 
being  underwritten  to  develop  a  supersonic  transport  for 
coomerclal  application.  It  Is  unlikely  that  the  first- 
generation  aircraft  produced  by  these  programs  will  be 
fully  acceptable  or  porofitable.  However,  these  programs 
are  developing  the  expertise  and  the  experienced  teams 
that  could  provide  the  base  for  developsmnt  of  a  viable 
second-generation  aircraft.  If  such  an  aircraft  were 
produced.  It  would  capture  a  significant  portion  of  the 
future  ccamerclal  long-range  transport  market.  The  question 
we  face  Is  \irtiether  or  not  the  U.S.  can  afford  to  leave  it¬ 
self  unprotected  against  such  a  threat. 

The  resent  HASA-stpported  Advanced  Supersonic  Technology 
(AST)  program  was  conceived  as  a  low-cost  means  of  pro¬ 
tecting  the  U.S.  future  In  the  long  range  transport 
siarket.  New  concepts  are  being  sought  to  overcome  the 
technical  problems  \dilch  contributed  heavily  to  the  1971 
decision  to  cancel  the  United  States'  earlier  SST  effort. 


} 
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Spaclfically,  tha  HASA  program  aims  to  provida  tbs  tech¬ 
nology  to  meet  tomorraw's  challenge  of  a  profitable  SST 
within  acceptable  ecology  standards. 

Haw  concepts  are  emerging  from  tha  HASA  AST  program.  The 
Vetriable  Cycle  Engine  is  one  such  concept.  The  Variable 
Cycle  Engine  will  combine  the  beat  features  of  a  turbojet 
engine,  whl<A  gives  the  best  performance  at  supersonic 
speeds,  and  a  turbofan  engine  has  the  beat  parforamnce 

at  subsonic  speeds  and  low  noise  characteristics.  This  will 
significantly  Improve  the  performance  of  the  overall  aircraft 
system,  conserve  fuel,  and,  we  believe,  permit  engine- 
generated  noise  levels  to  be  competitive  with  today's  wide- 
bodied  transport  aircraft. 

Funding  of  the  HASA  AST  pr'->gram  to  date  has  been  adequate 
to  conduct  the  initial  conceptual  and  analytical  studies 
to  provide  the  basis  to  our  future  SST  technology  programs. 
However,  a  significant  increase  in  this  funding  will  be 
required  to  maXe  significant  progress  in  developing  the 
technology  needed  for  initiation  of  a  new  SST  dwelopment 
program. 

A  phased  program  is  recoonended  to  complete,  verify,  and 
utilise  tha  supersonic  transport  propulsion  technology  base. 

During  the  first  phase,  vdilch  %*ould  occur  over  the  next  two 
to  three  years,  detailed  design  and  evaluation  studies 
would  be  made  of  the  most  pressing  engine  concepts.  In 
addition,  airframe/engine  installation  studies  would  be 
conducted,  and  the  necessary  component  teclmology  programs 
carried  out.  At  the  end  of  this  phase,  the  viable  component 
concepts  would  be  identified  and  the  cycle  characteristics 
sufficiently  defined  to  permit  selection  of  a  design  for 
experimental  engine  testing.  The  second  phase  would  involve 
a  three  to  five  year  program  to  fabricate  and  test  an  ex¬ 
perimental  engine.  Particular  emphasis  would  be  placed 
on  demonstrating  the  performance,  noise,  and  emission 
characteristics.  At  the  end  of  this  phase,  the  viability 
of  the  candidate  design  approach  would  be  established, 
thereby  providing  the  desired  technology  base  for  initiation 
of  a  supersonic  transport  engine  development  program.  If 
the  results  of  Phase  II  and  the  competitive  situation 
vrarranted  continuation,  the  third  and  final  idiase  of  the 
program  would  consist  of  the  final  engine  development.  This 
would  result  in  a  qualified  engine  for  the  second-generation 
supersonic  transport. 

The  results  of  this  program  would  put  the  United  States  in 
a  good  position  to  compete  worldwide  for  the  second-generation 
SST  by  the  end  of  this  decade. 


A  aacond  araa  of  concarn  ia  that  of  fual  conaarvlition  in 
futura  aubaooic  aircraft,  lioolcing  at  tl>a  hiatorlcal  pic- 
tura.  wa  aaa  that  tha  fual  conauaption  of  aircraft  gaa 
turbina  anginaa  haa  ataadlly  iagtrovad.  Ma  projact  that 
thia  laprovaownt  will  continua.  niia  iaprovaant  will  not 
ba  aaay  to  raach  nor  will  it  bo  inaxpanaiva. 

Tha  main  variabloa  in  a  gaa  turbina  angina  doaign  that 
affact  fual  conauaption  are  (1)  bypaaa  ratio-  (tha  ratio 
of  tha  aaiount  of  air  diacbargad  ovarboard  froa  tha  fan  to 
tha  amount  of  air  going  throu^  tha  core  of  tha  angina) , 

(2)  overall  preaaure  ratio  (the  ratio  of  tha  praaaura  of 
the  air  leaving  tha  oaopreaalon  ayatan  to  tha  preaaure  of 
the  air  enterli^  it) ,  and  (3)  the  turbina  tadaperatura 
(toaparatura  of  the  gaa  leaving  the  coodtiuation  chaatera  and 
entering  the  turbine). 

The  apeclflc  fuel  conauaption  of  futura  enginea  can  ba  im¬ 
proved  by  a  continued  trend  toward  hl^iar  bypaaa  ratioa, 
higher  preaaure  ratioa.  and  higher  turbina  inlet  taaparaturea. 
Potentially,  fuel  conauaption  could  be  reduced  by  IS  per¬ 
cent  if  bypaaa  ratioa  were  increaaad  to  10:1  (froat  tha 
preaent  valuea  of  5:1).  preaaure  ratio  to  40:1  (from  pceaent 
valuea  of  25:1).  and  cruiae  turbine  l:U.et  tanparaturea  to 
2500*P  {fram  preaent  valuea  of  2200*F).  laproved  technology 
would  be  required  to  achieve  theaa  dealgn  objectiivea  without 
loaa  in  coopoiMnt  afficiency.  without  increaaad  amounta  of 
cooling  air  or  air  leakage,  without  coeprondLaing  engine 
durability  or  reliability,  and  without  an  exceaaive  increaae 
in  weight  due  to  the  large  fan.  niia  level  of  de^duiology 
will  not  be  eaay  to  isaach.  A  few  of  the  key  te<dinology 
developnenta  required  are:  improved  materiala  for  the  hot 
end  of  the  coapreaeor;  more  efficient  cooling  achamea  and 
laproved  ouiterlala  for  the  turbine;  cloaer  clearance  control, 
particularly  in  the  high  preaaure  portion  of  the  engine; 
acre  effective  air  aeala  throu^  laproved  dealgH  and  aiateriala 
llghtwei^t  fan  blade  and  caae  atructurea  integrated  with 
the  nacelle  and  ualng  coiapoBite  materiala;  laproved  burner 
dealgna  that  will  operate  at  the  higher  tenperature  levela 
with  acceptable  levela  of  emiaaiona.  ' 

Studiea  have  ahewn  that  variable  pitch  fana,  variable  area 
turbliMB  and  variable  area  engine  or  fan  duct  noazlea  can 
potentially  provide  improved  fuel  conauaption  in  future 
enginea  at  off  dealgn  conditiona.  Thia  ia  aecgnpiliahed 
by  adjusting  the  areaa  to  provide  more  efficiafc  'component 
operation  and/or  a  better  thenaodynandc  cycle.,  Thia  needs 
to  be  accosplished  without  a  significant  peiMlty  in  t’:rbine 
performance  and  durability,  and  without  excessive  exit 
nozzle  weight.  Continued  stu()^  of  these  variable  features 
in  futiure  engines  is  Indicated.  Design  and  testing  is  re- 
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quired  to  devalop  tha  tachnoloqy  naadad  for  a  practical, 
durable,  afflciant  variable  area  turbina  to  operate  at 
future  turbine  twiparatura  lavala. 

niare  are  a  number  of  aore  ecaiplex  deaigna  which  bav* 
potential  for  further  lowering  fuel  omau^tlen.  One  of 
theae  la  tha  regenerative  engine,  which  uaea  a  heat  ex¬ 
changer  to  capture  waata  heat  energy  from  tha  exhauat. 

The  preaent  energy  crlala  and  aharp  incraaaa  in  fuel  coata 
have  created  an  urgent  need  to  generate  advanced  technology 
to  reduce  the  amount  of  /ual  conauand  by  the  next  generation 
of  caomercial  tranaport  aircraft.  An  aggreaaive  R&D  funded 
program  in  thla  area  la  needed  to  aaaure  corttlnuance  of  a 
ccopetltive  U.S.  poaitlon  in  the  world  market. 

A  third  area  of  concern  ia  that  of  intercity  tranaportation 
in  congeated  corrldora  of  activitiea  baccaiing  critical  in 
our  country  due  to  llpitationa  of  airport  facilitiea.  Slnee 
it  la  difficult  to  obtain  and  develop  real  eatate  for  new 
and  larger  airporta  near  to  city  huba  of  inter eat,  alternate 
meana  muat  be  aou^it  to  relieve  thia  problem.  Thua,  an 
unuaual  opportunity  exiata  in  the  development  of  intercity 
tranaportation  ayatema  baaed  on  aircraft  capable  of  vertical 
takeoff  and  landing. 

To  meet  thia  requirement  and  aaaure  continued  Aemrican 
doBdnance  of  air  tranaportation  ayatema,  a  two-phaaed 
program  la  auggeated.  The  firat  phaae  ahould  be  a  deacn- 
atration  of  the  feaaiblllty  of  high  apeed  (ISO  knota)  VTOL 
intercity  tranalt  ualng  large  tran  aport  helicoptera  auch  aa 
the  Sikora3cy  S-6SC.  The  aecond  phaae  would  be  a  longer  range 
development  of  a  hl^er  apeed  (230  knota)  compound  VTOL  \diich 
would  have  hl^^r  productivity  and  lower  operating  coata. 
Since  large  hl^  apeed  (ISO  knota),  economical  ($40.  ticket 
coat  for  Hew  York  to  Waahlngton  trip  of  one  hour  and  20 
rlnutea),  VTOL  tranaporta  are  available  in  the  form  of  the 
S-6SC  helicopter;  a  meana  ia  needed  to  demonatrate  theae 
attributea. 

It  ia  recoomended  that  RASA  finance  and  auperviae  a  one-year 
demonatration  of  VTOL  airline  aervice  between  two  major 
citiea  in  the  Hortheaat  Corridor  to  deamnatrate  reliability, 
economlca,  ride  comfort,  cuatomer  acceptance,  and  public 
aervice  of  a  new  mode  of  tranaportation. 

Larger  capacity,  longer  range,  more  economical  VTOL  trana¬ 
portation  can  be  provided  by  a  compound  VTOL  auch  aa  the 
SikoraJey  S-200.  The  S-200  fuaelage  contalna  86  paaaenger 
aeata,  two  lavatorlea,  60  cubic  feet  of  atorage  for  carry- 
on  baggage,  and  4S0  cubic  feet  of  baggage  apace  below  the 
floor,  nie  S-200  crulaea  at  230  knota  and  providea  a  230 
mile  range.  The  external  noiae  of  the  compound  haa  been 
mlnlmlaed  throu^  unique  dealgn  featurea. 
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It  ia  racoaaandad  HMA  contlmM  funding  tba  rotor  aystaaM 
raaoardi  aircraft  to  doveXop  tho  S-200  rotor/propulalon 
•yataai  ky  1976.  To  furthar  ■ininiaa  tha  tachnical  riak  of 
tha  follow-on  S-200  davaloiBMnt  pgrograa,  it  ia  i  ai  laaaiiiiilail 
HkSA  fund  furthar  work  in  tba  laxga  S-200  coapound  auch  aa 
wind  tunnal  taatlng.  pir^iulai«>  ayataai  davelopaant,  ate. 

A  fourth  araa  of  concam  la  aaaociatod  with  air  trli/fic 
control.  Incraaaing  tha  raliahility  and  accuracy  oi)  an 
air  traffic  controllar'a  functlcui  ultiawtely  iapare4oa  tba 
■afaty  of  an  air  traffic  ayataa  and  allowa  oparation  undar 
axtandad  clrcunatancaa.  In  tha  intaraat  of  iaprovlng 
controllar  raaponaa  tine,  raaaarch  haa  baan  cenductad  on 
tha  addition  of  color  to  air  traffic  control  di^laya.  Ha 
hava  built  a  ratrofit  kit  providing  color  for  a  govanuaant- 
fumiahad  diaplay.  Laboratory  evaluation  of  the  aafety 
iaprovoaanta  provided  by  thia  di^lay  haa  baan  conducted 
at  tha  FAA'a  HAFBC  facility  for  ^e  laat  year.  Since  theaa 
aj^eriawnta  are  eiqiactad  to  ahow  a  algnificant  iagnrovaawnt 
in  aafety  of  parfonanee,  we  urge  that  field  evaluation  and 
lapleBantation  begin  aa  quickly  aa  poaaible. 

nia  fifth  araa  of  concern  la  aaaociated  with  the  baaic 
and  advanced  lindtad  reaaar^  being  conducted  in  ogir 
country.  In  order  to  maintain  our  proamtnanca  in  ±ha 
worldwide  aaronautlcal  induatry,  we  urge  that  tha  ^oven 
capabilitiaa  and  raaourcea  of  NASA  be  aupportad  in  auch 
davelopoanta  and  raaaarch  aa: 


A.  Davelopaant  of  atructural  dealgn  criteria 
of  cempoaite  and  compound  materlala  having 
non-iaotrc^ic  properties.  Mon-destructive 
OMthoda  of  exaadnatlon  must  be  develc^Md 
to  assure  quality  control  consistent  with 
our  safety  raqulraawnts.  The.  use  of  ccaa- 
puters  in  the  application  of  these  new 
materials. 


B.  Structural  research  is  encouraged  to  pro¬ 
vide  a  greater  level  of  survivability  in 
the  event  of  crash  conditions.  In  parti¬ 
cular,  research  on  energy  absorbing 
atinictural  deformation  should  be  encouraged. 


C.  A  continuation  of  reserach  leading  toward 
reduction  of  the  seriousness  of  post-crash 
fires.  Research  in  areas  of  fuel  and  fuel 
syatena  are  encouraged. 

Sincerely  yours. 


HAK/w 


rA<9 


W.  A.  Kuhrt  I  ’ 

Vice  President-Technology 
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